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In the event of a fuel meltdown accident at a reactor 
facility and subsequent release of radionuclides, one must be 
able to obtain a reasonable estimate of the resultant dose to 
the s urrounding population. Although the original safety 
analysis report for the Ames Laboratory Research Reactor 
(AL RR ) evaluated the consequences of the design basis 
accident (OBA), many of the models and assumptions used at 
that tim e are new no longer used or are considered inade-
guate. Using the most recent r e commendations contained in 
the Nuclear Regulatory Commission Regulatory Guides, a com-
puter code is develope d which can evaluate the radiological 
consequences following a fuel me ltdown accident at the ALRR. 
The input r eq uiremen ts to the code are simplified to enable a 
person unfamiliar with the details of the code to obtain re-
liable dose es timate s. 
Th e computer program, ALRRDOSE, can estimate the popula-
tion dose following th e OBA at the ALRR or it can estimate 
th e populatio11 dose following othe r fuel meltdown accidents 
by varying input parameters. 
The c urrent safety analysis ~eport for the ALRR esti-
mat es th e doses following th e OBA to be approximately ten 
times higher than those e s timat ed by ALRRDOSE. The primary 
rea son for th e difference i s that the current safety analysis 
xi 
uses the Sutton model to describe atmospheric diffusion vhile 
AL~RVOS E uses the Gaus s ian plume diffusion model. Both esti-
mate~ , how e ve c, are far below the limits imposed by 10CFR100 
and the dose es timates from othe r fu e l meltdown accidents are 
lower than those from the DBA. 
1 
I NT RO DUCT ION 
In the event of an accidental release of radionuclides 
to the atmosphere from a reactor, one must be able to obtain 
a reasonable estimate of the resultant dose to the surround-
ing population. At a reactor facility, the situation of 
qreatest consequence is the design basis accident (DBA), the 
accident which has the potential of releasing the largest 
amount of radionuclides to the atmosphere. 
In early dose determinations, simplified diffusion equa-
tions and dose estimates were adeguate , but as the need for 
more reliable dose estimates developed, the models and equa-
tions became extremely detailed and nearly impossible to 
sol ve by hand . Numerou s computer codes have been developed 
to describe rele ase, diffusion, and inhalation, and to calcu-
late the resulting dose. The codes use a wide variety of 
models and an equally wide variety of assumptions in applying 
the models. 
Although the original safety analysis report for the 
Ames Laboratory Research Reactor (AL RR) (1) evaluated the con-
sequences of the DBA , many of the models and assumptions used 
at thdt time are now no longer used or are considered inade-
gua te. 7\s a result, the dose estimate , although not neces-
sarily less accurate, is not comparable with present day dose 
estimates. The need has arisen to use a standard set of 
2 
models and consistent assuaptions so that dose estimates from 
different facilities and different situations can be com-
pared . 
The Unite d States Nuclear Reg ulatory Commission {NRC) 
has developed a set of recommendations for the power reactor 
industry to use as guides in evaluating specific problems or 
postulated accidents (2). Included in the guidelines are 
recommendations for models and assumptions to be used in the 
estimation of population dose from release of radionuclides 
to the atmosphere (J-6). Therefore in the development of a 
computer program to estimate the dose, the most recent recom-
mendations of the NRC's Regulatory Guides will be followed as 
closel y as possible. 
In describing ALRRDOSE, the first section is the devel-
opment of the computer program. The first topic discussed in 
this section is the selection of major equations to be used 
in the program. The next topic, the description of the final 
package, begins with the calculation of the fission product 
buildup and is followed by a description of the release of 
nuclides to the atmosph e re, the dispersion in the atmosphere, 
and the resultant dose to the human population. The final 
topics discussed in this section are the input description 
and the output description. In the next section describing 
the results of the program, the output from the program is 
shown for the different types of accidents considered. The 
3 
final section of the program description summarizes the 
results and compares the dose estimates of ALREDOSE with 
those previously calculated. Recommendations for future vork 
on the code are also presented. 
4 
OBJECTIVES 
The primary objective of this study is to incorporate 
the most recent NRC recommendations into a computer code 
which will then be used to evaluate the radiological conse-
quences following a fuel meltdown accident at the Ames Labo-
ratory Research Reactor facility. Another objective of this 
study is to simplify the input requirements to the computer 
code in a way that will endble a person unfamiliar with the 
details of the code to obtain reliable dose estimates. The 
computer program will be able to estimate the population dose 
following the DBA at the ALRR by specifying the "worst possi-
ble case" for the input parameters. It will also estiaate 
the population dose following other fuel meltdown cases by 
varying the input parameters describing core history, atmos-
pheric conditions, and containment pressure. 
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LITERATURE REVIEW 
The radiation dose following an accidental fuel meltdown 
and subsequent atmospheric release of fission products has 
been studied since the building of the first reactor. Deter-
mination of the dose requires the incorporation of a wide va-
riety of information. Three major areas of investigation 
concerning the human body dose following a fuel meltdown 
ac cident are: the physics and chemistry of the buildup of 
fission products in the fuel and their subsequent release 
upon melting, the behavior of these radionuclides after their 
release to the atmosphere, and the radiation dose to the body 
once these radionuclides are inhaled or ingested. No attempt 
was made to review all the literature concerning these 
subje cts because of the extremely large volume written on all 
of them an d a reference cited will in many cases be only a 
represe ntative sample. The lite rature reviewed on each major 
field will be discussed a s it relates to the writing of a 
computer program to describe the dose following a fuel 
meltdown accident at the Ame s Laboratory Research Reactor . 
Fission Product Buildup in the Fuel 
Before extensive use of computers to calculate fissio n 
product buildup in the fuel, the activity of a fission prod-
6 
uct isotope was siwply assumed to be the saturation activity 
of that isotope (7). The saturation activity was used in the 
current safety andlysis for the ALRR. This, of course, does 
not account for the possible increase in activity of an 
i£otope through decay of its parents, nor does it account for 
the change in activity due to neutron interactions (n,y ), 
(n, 2n), etc. However, some computer codes requiring the 
fission product inventory used the saturation activity as a 
rough approximation, Blain and Bramblett (8), for example. 
Kenfield, ~!.-Al· (9) and others attempted to solve the vell-
known buildup and decay equations directly. This, however, 
lead to inaccuracies if the total decay constants of two 
isotopes we re nearly equal. S~allaann and Kam (10), Duane 
(11), and Van Tuyl (12) among others developed codes to 
circumvent this difficulty by finding approximations or al-
ternate solutions to the differential equations or by 
cearcanging the equations into forms which were not sensitive 
to these difficulties. Van Tuyl•s code, ISOGEN, was shown to 
have accuracy within 0.1% for each time step calculation and 
was also adaptable to the ALRR. ISOGEN was therefore used in 
the development of the present program. 
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Atmosphecic Diffusion 
Most of the eacly atmospheric diffusion calculations in 
the nuclear industry were based on the Sutton equations (13), 
as ar~ the diffusion calculations in the ALRR safety analysis 
report. Many computer codes were written incorporating them 
such as codes by Kenfield, ~,!:_gJ,. (9), Duncan (14), and 
Houston , g!; _g]:. ( 1 5) • 
A very exhaustive study of atmospheric dispersion proc-
esses was undertaken by the United States Atomic Energy 
Commission. A compilation of the findings, edited by Slade 
(16), has gained wide acceptance throughout the nuclear 
industry. The study recommends the use of the Gaussian plume 
diffusion model with the vertical and horizontal standard de-
viations of th e plume being based on work originally done by 
Pasquill (17) and Meade (18). It further recommends that the 
actual values of the standard deviations be based on 
Pasquill's categories as modified by Hilsmeier and Gifford 
( 19) • 
Several computer codes have been written using many of 
the~e recommendations. Among them are codes by Blain and 
Bramblett (8), Stallmann and Kam (10), Houston, ~!-~1· (15), 
Binford, ~~-~l- (20), and Strenge, g!,_2.!• (21). The models 
and assumptions used by the different codes are not the same 
in many cases which makes comparison between codes difficult. 
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To help remedy this and similar situations in the ind ustry, 
the United States Nuclear Regulatory Commission has pub lished 
a set of guides to be used by the power reactor industry in 
evaluating specific problems o r postulated accidents (2). In 
r e commendations to b e used following release of radionuclides 
to th~ atmosphere , the Nucl e ar Regulatory Commission makes 
reference to the use of Appe ndix A of reference 16 in the de-
termination of atmospheric rl iffusion parameters. The tables 
and graphs in Appendix A of r e ference 16 will therefore be 
used in t he pr esent program as they pertain to atmospheric 
diffusion following a radiation release at the ALBR . 
Human Rad iation Dose 
Much of the vork on th e human radiation dose in the ALRR 
safety analysis report was vased on an early AEC publication , 
WA SH - 740 (22 ) . Much of the data in WASH-740 qu i ckly became 
obsolete, however, as more ~ecent information vas accumu -
lat ed . Anot he r early p ublication on the effects of radiation 
on th e hucan body wa s a very compr e hensive and well-accepted 
s tu dy by ICRP 2 (23 ) . A code by Killough, ~L~!· (24) v as 
one of s e ve ral cod e s to use t hese models as a basis for cal-
culation of or qan dose . As more in formation became avail-
able , th e models we r e revis~d a n d new mod~ls we re formulated . 
Again t his l ead to the si tua tion that different dose calcu-
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lat ions wer e not com pa cable. The mode l s and equatio ns used 
in the present pro~ram are thos e r e commended by the NRC 
g uides r~ferring to external and internal dose to the whole 
body and th e thyroid. 
In revi e wing th e lar ge numb e r of computer codes which 
calculated fis s ion product b uildup, atmosvheric diffusion, 
and radiation dose, many used models and assumptions consist-
en t with the NRC Reg ulatory Guides. Some, however, used only 
po rtion s of the r ecommendations or used values which were not 
consL:>te nt with th e Gui des (14,15, 2 0,21,24). Others were 
writt en specif i cally for power reactors or were not applica -
ble to the ALRR in oth e r ways. for e xample, a code under de-
ve lopmen t by th e NRC (25) and under trial use by the Omaha 
Public Power District uses the eq uations recommended by the 
NRC Reg ulatory Guides for d iffusion and dose calculations. 
How e ver, the co<le is best suited for long-te rm dose estimates 
at power r eactors a nd i s not readily adaptable to the ALRR . 
Considering that t he r e is no single code which adequately 
r ep r esents t he situations e ncountere d in an ALRR fuel 
me ltdown accident, it was decided to writ e a computer program 
specif ically for the ALRR which could be used in a simple 
mdnner to estimate the dose to the surrounding population 
following a fuel me ltdown acciden t at the ALRR. 
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DEVELOPMENT OF THE COMPUTER PROGRA~ 
Introduction 
Io the development of a computer program to estimate the 
population dose following a fuel meltdown accident at the 
hLFR, conservative assumptions and predictions will be used 
when the data needed are not ye t available or are uncertain. 
For example, it is very difficult to accurately predict the 
behavior of fission products upon fuel melting. Quantitative 
data on th e release of fission products from fuel under 
accident conditions ar e being evaluated, but of course the 
physical environment surrounding the fuel will be somewhat 
different for each type of r eactor and each accident. 
Therefore an attempt will be made to qualitatively predict 
conditions and reactions and ensure that the predictions are 
conservative. 
Once it has been determined which fission product 
isotopes ar e likely to escape from the fuel and in what 
amounts, the dispersion within the containment and eventual 
release to the environment must be estimated. This also in-
volve s some qualitativ e predictions but quantitative data on 
ventilation system fan pumping rates, containment building 
structural leak rates, and efficiencies of the air filters 
are available. 
1 1 
The behavior of fission product isotopes after their 
r e l ease to the atmosphere has been a subject under continuous 
investigation, and the models developed have been tested 
quite ex ten s ivel y through diffusion studies. For many years, 
a tmosphe ric diffusion calculations perta ining to reactor 
safety ana lyses were most o f t en based on t he we ll-known 
Sutton equations (13). It has been s hown, however, that 
t he re are some theoretica l d if f icultie s in the Sutton model 
(26) . The general theory on which Sutton based his model may 
not apply to th e r e gion of the atmosphere which was modeled, 
nam e ly the lower few me ters. Good verifications of diffusion 
predictions by the Sutto n mod e l have also been difficult, 
except in s ome cases for very long distances under specific 
atmospheric conditions . More useful mathematica l models de-
scribing atmosphe ric di ffusion wer e therefore sought. 
Th e effect of fis sion product isotopes on t he human body 
has also been e xtensive ly studied, and several different 
methods are used to arrive at an estimate of the dose to the 
human body . 
In an effort to arrive at a good approximation to the 
dose that the population would recieve in the e vent of an 
accidental fission product release, th e Nuclear Regulatory 
Com mi ssion has compiled a s e t of models and assumptions to be 
used by the pow e r r eac t or industry for this purpose. The 
models and assumptions that apply to the ALRB will be used in 
the foll owing development of the compute r pro gra m. 
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Selection of ~ajor Equations 
It will be assumed that following a fuel meltdown 
accident, twenty-five percent of the radioactive iodine 
inventory and one hundr ed percent of the noble gas inventory 
developed from full power operation of the ALRR core vill be 
immediately released from the reactor primary containment and 
evenly dispersed throughout the containment room. All of the 
iodine released vill be in a form not likely to deposit on 
the ground , therefore no correction vill be made for 
depletion of the effluent plume of radioactive iodine due to 
deposition on the ground. Also no correction will be made 
for radiological decay of iodine in transit (27) . 
External vhole body doses vill be calculated using "in-
finite cloud" assumptions. In the case of beta radiation, 
the receptor is assumed to be exposed to an infinite cloud at 
the maximum ground level concentration at that distance from 
the reactor. The dose will be (28) 
where 
D~ = 0 • 4 5 7 • ~ • 'f {1} 
% = external beta dose from an infinite cloud (rad) 
~ = average beta energy per disintegration (Mev/dis) 
'f = the concentration time integral of each 
radioisotope (curie s/m3). 
In the case of yamma radiation, the receptor is assumed to be 
1 3 
e xposed to only one- h~lf th e cloud o wing to the pcesenc e of 
th e g round. The gamma dose will be 
wh e r e 
{2} 
Dy = e xte rnal gamma dose f rom an infinite cloud (rad) 
~Y = a veraqP g amma en e r g y per disintegration (Mev/dis) . 
The dose from inhalatio n of th e radioiod inP isotopes i s 
de pendent o n th e age and brea thing rat e of the recipien t, as 
we ll as th e concentratio n of radioiodine in the surrounding 
air . The inhalation dose will be ( 29 ) 
D( j , a) = R (a ). 't' • DP/I (j , a ) •1 09 (3} 
"lhe r e 
D (j , a) = dose to ocgan (j) of an individual in aqe group 
(a) u ue to in ha l at ion of each radionuclide {rem) 
R (d) = br eathin q rat e of aqe group (a ) (m3/s) 
DPh (j,a ) = th e inh a lation dose factor for organ ( j) 
and age group (a ) (mr e m/pico curie) . 
The co ncentration tim l~ int egeral , 't' , of a radionuclide 
is def ined as 
J ta +t 'i' = x dt ta {4} 
14 
where 
ta = time of arrival of the plume (s) 
t = time of exposure to the plume (s) 
X = concentration of each radionuclide at the location 
of the receptor (curies/m3) • 
If the dimensions of a plume are r e latively small, then it 
can be assumed that the concentration of radionuclides in the 
plume does not appreciably chan~e during the period of expo-
sure to the plume. In this case, the concentration time in-
t egral can be approximated by 
'i' = x •t {5} 
Equation {5} vill be used in the dose calculation for the 
r e latively short puff release. 
The concentration of each radionuclide at the location 
of th e receptor can be found by (30) 






c• r yz ff2 , 
X =------•EXP!- --- I 









rate of release of radioactive material (curies/s) 
horizontal standard deviation of the plume (meters) 
verticle standard deviation of the plume (meters) 
s = wind speed at the point of r e l ease (mete rs/s) 
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Y = crosswind distance from the line of wind direction 
(meters) 
H = effective stack height (meters) 
Equations {1} thcough {6} are the major equations to be 
used in the estimation of the population dose following an 
accidental fission product release at the AL RR . 
Description of Final Package 
The compute r code described below begins with the deter-
mination of the activity in the fuel at the time of the 
accident, and proceeds to calculate the release of activity 
from the containment, its dispersal in the atmos phere, and 
the e ventual dose to th e human body. 
The activity in the fuel i s calculated us ing an existing 
radioisotope generation and decay computer program which is 
modified somewhat for us e in AL RR DOSE. The r e lease of activ-
ity from the containment is calculated by first making con-
servative dssumptions about the release and dispersal of 
fission products within the containment, and then by dividing 
the atmosph e ric release into three separate parts. Tvo 
release periods will be of short duration, one being an 
unfiltered release and the other being a filtered release, 
and the third release period vill be a long-term filtered 
16 
release. Within each release period, atmospheric diffusion 
is described by using equation (6} with the diffusion parame-
ters a and a being dependent upon the atmospheric condi-
Y z 
tions input at execution time and the distance of the 
receptor from the reactor. The thyroid dose and total body 
dose to a receptor located at different distances from the 
reactor are then calculated for each age group by using equa-
tions {1} through {3}. Finally the results of the calcula-
tions are printed in tables or on graphs from which one can 
determine the dose to a person standing at a specified 
distdnce from the reactor for a specific time period follow-
ing a fuel meltdown accident. 
In describing the final package, reference will be made 
to the program listings contained in Appendix A. The refer-
ence numbers of applicable statements will be listed in 
brackets following the description of each segment of the 
program. The final package will be described as it relates 
to the printing of the results in tables and not to the pro-
duction of graphs. The differences between these tvo options 
will be described in later sections. 
The first segment of ALRRDOSE is space allocation and 
assignment of initial values to variables to be used later, 
followed by the reading and vriting out of the input parame-
ters (1-74). Subroutine isogn2 is then called [75]. 
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Subroutine isogn2 is a modified version of the computer 
code ISOGEN. I SOGEN, de scribed in Appendix B, is a 
radioisotope generation and decay program. It is used to 
calculate and print out all the fission product isotopes con-
tained in the core after the specified time period which 
could contribute to the whole body dose or the thyroid dose. 
The input to subroutine isogn2 consists of three major 
groups. The first group is basic nuclear data for the 
isotopes of interest. Included in the data are half-life, 
disintegration e nergy, cross section, fission yield, and 
daughter product information for each isotope. Reference 4 
lists all the radioisotopes which contribute to the whole 
body or thyroid dose. ISOGEN was run using paramete r s from a 
typical ALRR core life as input. It vas found that the only 
fission product isotopes produced in significant quantities 
which contribute to the total body or thyroid dose are 4 
isotopes of krypton, 7 isotopes of iodine, and 6 isotopes of 
xenon. Of these 17 isotopes , all contribute to the total 
body dose, but only iodine isotopes contribute to the thyroid 
dose. 
The 753-member ISOGEN library was then surveyed and it 
was found that eight additional isotopes have decay or ab-
sorption products which form one of the 17 contributing 
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isotopes. Data on these 25 isotopes plus that of U235 and 
U238 are shown in Table 1. 
The second group of input data required by subroutine 
isogn2 includes the time, neutron flux, and resonance to 
thermal neutron flux ratio to be used for each of up to 30 
time steps. The length of a time step and the reactor power 
durin~ that time step are input at execution time. Neither 
the neutron flux in the fuel over core life nor the resonance 
to thermal neutron flux ratio is known accurately for the 
ALFR. An option is available in ISOGEN in which the power 
level and resonance to thermal neutron flux ratio are input 
and the code calculates the flux required to maintain the 
desired power level. Thus if one can determine the resonance 
to thermal neutron flux ratio, the flux can be calculated. 
The thermal flux in the ALRR fuel has been experimentally de-
termined by the xenon transient technique (31) . ISOGEN vas 
run with the input parameters duplicating those at the time 
of the experiment. The resonance to thermal neutron flux 
ratio was then varied until the thermal flux in the fuel cal-
culated by ISOGEN equalled that experimentally determined. 
The ratio was determined to be 0.05 and is assumed to remain 
constant throughout core life. 
The third group of input data includes the library index 
numbers of the fission product isotopes of interest plus the 
index numbers and amounts of U235 and U238 present at the 
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Table 1. Nuclide libc:ary information used in isoqn2 
----------------------------~-------------------~-----
At. Natural Minor Fission 
Nuclide Half-life NO. Abundanc e Branch Yie ld,% 
-------------------------------- -----------------------
KR 84 1 • 00 OE 30 y 36 5.69E 0 1 o.o 9. 53E-01 
KR 85M 4.400E 00 H 36 o. o 2. 30E-01 1. 31 E 00 
KR 85 1.140E 01 y 36 o.o o. 0 o.o 
KR 86 1. 00 OE 30 y 36 1. 74E 01 0.0 1. 84E 00 
KR 87 7.800E 01 I'\ 36 o. 0 0.0 2.SOE 00 
KR 88 2 .800E 00 H 36 o.o 0.0 3.58E 00 
TE 129 M 3.300E 0 1 D 52 o.o 3. 20F.-01 3. 60E- 01 
TE131M 1.200 E 00 D 52 o.o 2. 20E-01 4. 35E-01 
TE132 7.800E 0 1 H 52 0.0 o. 0 4.22E 00 
TE133M 5.000E 01 M 52 o.o o. 0 4. 77E 00 
TE 134 4.200E 01 M 52 o.o o.o 7.74E 00 
1129 1.600E 07 y 53 o. o 0. 0 6.40E-01 
I 130 1.250E 01 H 53 o.o o. 0 o.o 
I 131 8. 05 01:: 00 D 53 o.o 1.00E-02 2.47E 00 
I 132 2.300E 00 H SJ o.o o. 0 o.o 
I133 2.100E 01 H 53 o.o 2.40E-02 1. 85E 00 
I 134 5 .300E 01 M 53 0.0 o. 0 o.o 
I135 6 .700E 00 H 53 o.o 2.70 E-01 6. 45E 00 
XE 1 31 M 1. 200E 0 1 D 54 o.o o. 0 0.0 
XE133M 2 .JOO E 00 D 54 o.o o. 0 1. 60E-01 
XE 133 5 . 270E 00 D 54 0.0 o. 0 6.46E 00 
XE134 1. 00 OE 30 y 54 1. 04E 01 0.0 7.74E 00 
XE 1 35 M 1.600E 0 1 l'1 54 o.o o. 0 o.o 
XE135 9.200E 00 H 54 o.o 0.0 6.45E 00 
XE 138 1.400 E 0 1 M 54 o.o o.o 6.68E 00 
U235 7. 13 OJ: 08 y 92 7.2 E-01 o.o o.o 
U238 4.510 E 09 y 92 9. 93E 01 o.o o. 0 
---------------------------------------------------~-----
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Table 1. continued 
----------------------------------------------
Decay daughters Beaction daughters r.ev per decay 
--------------- ------------------ -------------
Nucli d e Major Mino r Plajor Pl in or Beta Ga 11111a 
---------------~-------------------------------------------
KR 84 0 0 KR 851'1 KR 85 0 . 0 o.o 
KR 8 511 RB 85 KR 85 0 0 0.2 20 0.186 
KR 85 RB 85 0 KR 8 6 0 0.250 0 . 005 
KR 86 0 0 KR 87 0 o. 0 o.o 
KR 87 RB 87 0 0 0 1.350 1.100 
KR 88 RB 8 8 0 0 0 0.390 1. 890 
TE129H TE129 1129 0 0 0.270 o.o 
TE131!1 1131 TE131 0 0 0.160 1. 500 
TE 1 32 I132 0 0 0 0.161 0.230 
TE133M 1133 0 0 0 0.800 2.100 
TE 134 1134 0 0 0 0.500 o. 120 
l 129 X E129 0 I130 0 o. 080 o .. 0 
I 130 XE130 0 I131 0 0 . 260 2 . 200 
I 1 31 X El 31 XE131M 1132 0 0.340 o. 3 80 
I132 XE132 0 0 0 0 .. 450 2.3 60 
l 133 XE133 XE1331'! 0 0 0.440 0.580 
1134 XE134 0 0 0 1. 600 0.380 
1135 XE 135 XE135ri 0 0 0.320 1.770 
XE131M XE131 0 0 0 0.159 0.005 
XE 13311 XE133 0 0 0 o. 190 0.040 
XE133 CS133 0 XE134 0 0.150 0.0 30 
XE134 0 0 XE135 0 o.o o.o 
XE135M XE135 0 0 0 0.080 0.450 
XE 135 CS135 0 XE136 0 0.3 0 0 0. 2 60 
XE 138 CS138 0 0 0 0.0 0.690 
U235 TH231 0 U2J6 0 4.490 0.150 
U238 TH234 0 CJ2J 9 0 4.270 o.o 
------------------------------·--------------------·------
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Table 1. continued 
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beginning ot the fic~t time titcp. The amount of 0235 is 
input at execution time and the amount of 0238 is calculated 
using the fact that the fuel is enriched to 93.2% with 0235. 
U238 = U235 •0. 0o8/0 . 932 {8} 
rhe main body of the proycarn begins with the determina-
tion of th e atmospheric stability category (79-84]. This is 
depenJent on the wind speed , incoming solar radiation 
(insolation), and the time of day and does not change during 
the calculation . The yuideliues followed are based on work 
done by Pasguill (17) and Meade (1 8), and the values used by 
the pcoyram are shown in Table 2 . 
A set of dose calculations will be performed once for 
each age group at each distance. The first ca lculation will 
be made at the exclusion boundary distance directly downwind 
of the point of reledse. From this point the distance is 
incremented in both the down win d direction and crosswind di-
rection with the incremental distances increasing 
expon~n t ia lly. 
Edch set of dose calculations consists of three separate 
parts, as shown in Table 3. Within each part, a separate 
calculation will be performed for each of the 17 contributing 
radioisotopes. The first pact of a set estimates the dose to 
the total bod y and thyroid resulting from a ground level 
unfilter ed puff release occurring during the time that the 
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Table 2. Pasquill' s s tability ca t egocies i 
Wind 
speed 






~ 4/ 8 
cloud-
iness 
Bea vil y 
overcast 
--------------------------------·-------------------
<2 1 1 2 2 4 
2- 3 1 2 2 3 4 
day 3- 5 2 2 3 3 4 
5 - 6 3 3 4 4 4 
>6 3 4 4 4 4 
------------------------------------------------------------
<2 6 6 6 6 4 
2- 3 6 6 6 5 4 
night 3-5 5 5 5 4 4 
5- 6 4 4 4 4 
>6 4 4 4 4 
---------------------------------------~-------------------
'Stability category 1 corcesponds to Pasguill' s category A, 
2 to B, 3 to c , 4 to D, 5 to E , a nd 6 to F. 
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Table 3. Parts of a set of dose calculations 


























193. 3. 78 
51. 3 3. 02 
103. 1. 25 
.236 
25 
containment is above atmospheric pressure. The second cal-
culation is made for the period of time that the high 
capacity exhaust fan is in operation and estimates the dose 
from the resulting elevated filtered puff release. The third 
calculation estimates the dose from an elevated filtered 
continuous release occurring vhen the low capacity exhaust 
fan is the only means by which containment air is exhausted 
from the containment building. 
Calculation of the dose from a ground level unfiltered 
puff release begins with the determination of the amount of 
each radioisotope that vill leak from the containment during 
overpressure ( 126-129). This will depend upon the amount of 
the radioisotope produced in the core (Q0 , calculated in sub-
routine isogn2), the fraction of each nuclide which escapes 
from the core to the containment, and the containment 
pressure at the time of the accident. The effect of 
radiological decay of noble gas isotopes from the time they 
are released from the containment until they reach the 
receptor will be accounted for by making an adjustment to Q
0 





Q = the quantity of the radioisotope produced, corrected 
for radiological decay (curies) 
A = decay constant of isotope of interest (s- 1 ) 
X = downwind distance (meters) 
s =wind speed (m/s). 
Unfiltered containment air will leak to the atmosphere 
only in the event that containment air pressure is greater 
than atmospheric pressure. The ALRR Operating Limits (32) 
require that at a building overpressure of 1030.?mb (7" H2 0), 
no more than 2.03m3 (71.8ft3) of unfiltered air will leak 
from the containment during pressure reduction. Therefore, 
making the conservative assumption that the leak rate is a 
linear function of containment overpressure, the number of 
curies of each isotope that will leak during overpressure can 
be found by multiplying the actual containment overpressure, 
as compared to the maximum, by the fraction of the total 
containment air that escapes from the building; then 
multiplying the result by the fractional amount of each 
radioisotope produced that escapes from the core to the 
containment. The equation is ( 127-129] 
rXPRESS-1013.25, r 2.03 , 
C = I t•I l•Q•F { 1 O} 
l.1030.7-1013.25.J L.1.42•104.J 
where 
c = leakage from the containment (curies) 
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XPRESS = the containment pressure at the time of the 
accident (mb) 
F = the fraction of each radioisotope that escapes 
the core. 
The subscripts on c and Q in the program listing are KR for 
k['y pt on, I I for iodine, and XE for xenon. 1003 of the noble 
gases and 253 of the iodine produced in the core are released 
to the containment. 
The next segment of the program [ 133-144) calculates the 
horizontal and vertical standard deviations of the plume Ca 
y 
and az, respectively), with the methods of interpolation being 
similar to that used in reference 15. 
For ground level releases additional dispersion will be 
produced in the plume by the turbulent wake of the reactor 
building. This will increase the value of the standard devi-
ations by a factor ranging from one to a maximum of 1.732 
( 3) • 
where 
ay ' 
a z ' 
= 
= 
( a z + K • A /7T ) a / z 
y 
(O' Z+K•A/77) 1/2 
z 
K = the shape factor 
{11} 
{ 12} 
A = the minimum cross sectional area of the reactor 
building (m2). 
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The shape factor in this case is 1/2 (33) and the minimum 
cross sectional area of the reactor building is 401.?mz. The 
standard deviations become 
(J • = (O' 2 + 6 3. 9 3) 1 /2 
y y 




For a cloud containing radioisotopes, if one assumes 
that diffusion in the line of the wind direction is small 
compared to the wind speed, then the total time that a 
receptor will receive a dose from this cloud is the total 
time that the cloud is being produced. Therefore, the expo-
sure time to an unfiltered puff release will be the time 
period that the containment pressure is above atmospheric. 
The concentration time integral of radionuclides in the 
atmosphere following a qround level unfiltered puff release 
(CH in the program listing) can be calculated at different 
distances by combining eguations {S} and {6} and noting that 
C = C'•t (147-152], 
c ,. yz 
'l' =------•EXP!- ---




HZ ... ___ , 
20' 2 J 
z 
[15} 
The external dose (eqns. {1}, {2}, and {5}), and the in-
ternal total body dose (eqns. {3} and {S}) are added to 
obtain the total body dose ( 154-158,161], 
where 
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Da = 0.457•[ (Ea•'±' )KR+(~ • 'i' >xE ] 
Dy = 0.250•[ (Ey e'i' kR + (Ey•'f>xE ) 
DEX = D13 + Dy 
DIN= R(a) •DFA(j,a)TB • 'f •1Q9 
OTB = DEX + DIN 
0 13 = external beta dose (rem) 
Dy = external gamma dose {rem) 
DEX = total external total body dose (rem) 
DIN = internal total body dose (rem) 
o = total dose to the total body (rem) 
TB 










DTHY = the total dose to the thyroid (rem). 
values for the average beta and gamma energy per 
disintegration (ES,Ey ) are those shovn in Table 1. The 
inhalation dose factors (DFA(j,a)) for the total body and 
thyroid are shown for the different age groups in Table 4. 
The breathing rates of different age groups (R(a)) are taken 
as 1.5 times the breathing rates recommended in reference 
(34) and are as follows: 
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Table 4. I nha la ti on dose factors (mre m/picocurie) 
Nuclide Adult Teenager Child Infant 
------------------------------------------------~------~--
!129 6.91E-06 9.81E-06 2. 86E-05 5.82E-05 
I130 6.61E-07 o.o o.o 0.0 
I131 2. 56 E-06 3. 52E-06 9.47E-06 1.79E-05 
TOTAL I132 1. 45E-07 o. 0 o. 0 o.o 
BODY 
I 133 5.67E-07 7.93E-07 2. 17 E-06 4.19E-06 
I134 7.70E-08 o. 0 o.o o.o 
!135 3. 22E-07 o.o 0.0 o.o 
I 129 5. 55E-03 7.32E-03 2.14E-02 5.21E-02 
I130 2. 18 E-04 o.o o. 0 o.o 
I131 1.49E-03 1.74E-03 4. 16 E-03 1.0lE-02 
THYROID I132 5. 48£-05 o. 0 0.0 o.o 
!133 3. 66E-04 4.79E-04 1.36E-03 3.33E-OJ 
I134 2.87E-05 o.o o. 0 0.0 
I135 1. 17E-04 o.o o. 0 o.o 
---------------------------------------------------
ADULT - J . 47X10-• ml/s 
TEENAGER - 2.34X10-• ml/s 
CHILD - 1.22x10-• ml/s 
INFANT - 9.72x10-s m3/s 
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This completes the calculation of the total body and 
thyroid d~ses from the ground level unfiltered puff release. 
The calcula t ion of the total body and thyroid doses from 
an elevated filtered puff release begins with initialization 
of variables and conversion of units ( 166-170]. Then the 
amount of each radioisotope which is discharged through the 
stack during overpressure reduction is calculated [ 173-192]. 
This is dependent on the containment pressure at the time of 
the accident, the exh3ust rate through the emergency air 
filters, and the filter efficiencies. 
Using the manufacturer's fan curves for the exhaust fans 
in operation during overpressure, it can be shown that the 
time req uired to reduce the containment pressure from 
1030.7mb to 1013.25mb (atmospheric) is a total of 68 seconds 
(8). It will take 51 seconds to reduce the pressure from 
1030.?mb to 1017.0mb (1.5 in H
2
0) and 17 second s from 
1017.0mb to 1013.25mb. At containment pressures greater than 
1017.0mb chocking tlov of 3.78ml/s through the exhaust fans 
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is attained. As the pressure decreases from 1017.0mb to 
1013.25mb (atmospheric), the exhaust rate decreases from 
3.78ml/s to 2.26m3/s. It will be assumed that the flov rate 
during this period is the linear average, 3.02m 3/s. During 
overpressure reduction, high and lov capacity eKhaust fans 
will pump containment air through high efficiency filters and 
then out the stack. The eKhaust fans will continue reducing 
containment air pressure below atmospheric at an average flow 
rate of 1.25m3/s until the pressure reaches 1005.Smb (-3 in. 
H20). At that time a high capacity fan shuts off and the 
remaining low capacity fan will keep the containment air 
pressure below atmospheric. There are, therefore, three sep-
arate release periods in the elevated filtered puff release, 
as shown in Table 3. The total volume of air released during 
each period is calculated by multiplying the flow rate by the 
duration of the release period. 
If the stack velocity is less than 1.5 times the vind 
speed, a correction for dovnwash must be made to the stack 
height ( 17 5, 1 7 6 ] ( 3 6) • 
(22} 
where 
Hd = the downvash correction 
s = v the Yertica 1 stack exit velocity (m/s) 
s = the mean vind speed at the height of release (•/s) 
I = the inside diameter of the stack (m) 
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The verticle exit velocity is the exhaust rate divided by the 
stack cross sectional area, and the inside stack diameter is 
1. 2 2m. At the maximum exhaust rate of J.78m3/s, S is v 
3 .. 24m/s .. 
At containment pressures above 1017.0mb, the amount of 
each isotope that is exhausted through the stack can be cal-
culated in a manner similar to that used in the ground level 
unfiltered puff release, vith an additional factor for filter 
efficiency (177-179], 
rXPBESS-1017.o ... r 193 "1 
C = I I • I I •Q • F • e (23} 
'-1030. 7-1017.0..J L1.42 • 10•..J 
where 
e= filter efficiency. 
The high efficiency filters have no effect on the noble 
gases, of course, but they are limited to a minimum of 99.9% 
efficient for iodine (32). 
When the containment pressure is between 1017.0ab and 
1 O 1 3. 2 5 m b, c i s ( 1 8 3 -1 8 5 ] 
rXPRESS-1013.25"" r 51.3 , 
C = I 1•1 l•Q•F•€ (24} 
l.1017 .. 0-1013.25:1 L1.42•10•..J 
When the containment pressure is at atmospheric or below, the 
volume of air released is no longer pressure dependent, so c 
is si 111 pl y [ 1 9 0 - 19 2 ] 
34 
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C = •Q•F• e {25J 
1.42 •10• 
Since release from the stack is an elevated release, the 
standard deviations of the plume must be recalculated 
neglecting the correction for the turbulent wake of the 
reactor building. The concentration time integral, ~ , is 
calculated for each pe riod of release using equation {5}, and 
the total body and thyroid doses are then calculated as be-
fore and adde d to the previous doses from the ground level 
unfiltered puff release [ 133-162]. 
This completes the calculation of the dose from the 
elevated filtered puff release. 
The elevated filtered continuous release is derived from 
a low capacity exhaust fan used to maintain the containment 
pressure below atmosph e ric to prevent outward leakage of 
radioisotopes. The fan operat es at a constant rate of 
0.236m 3 /s. However, the activity of the air inside the 
containment is continuously changing due both to radioactive 
decay and decreasing isotopic concentration in the 
containment air as outside air replaces the air being ejected 
through the stack. 
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The rate of change of isotopic activity in the 
containment room air is (1) 
vhere 
(26} 
Qc' = rate of change of activity of each isotope in 
the containment air (curies/s) 
A = the decay constant of the nuclide of interest (s-1) 
L = exhaust rate of the air (m3/s) 
V = volume of the containment building (m3) 
Q = the activity in the containment air (curies) 
c 






= initial activity of each isotope released to the 
containment air (curies). 
The rate at which activity is emitted from the building is 
(28} 
where 




Knowing the rate at which activity is released from the 
building, c•, the concentration, x, at a point outside the 
reactor exclusion boundary can be calculated using eguation 
(6}. The concentration time integral is then calculated by 
using equation {4}. substituting equation {29} and {6} into 
equation {4}, 
ta+t 
'i' =j € •L•Qo •EXP t-~ -~l •EXP[ - (A. +L/V) •t ]d t {30} 
V•1T•a •a •S L 2cr z 2a 2.J 
ta Y z Y z 
where 
t =time of exposure to the plume (s). 
A receptor located some distance from the reactor will 
be exposed to a plume wnose leading edge contains the radio-
isotopes that were emitted at the time of the accident. The 
activity in the leading edge of the plume is decreased only 
by radiological decay and diffusion, and is not affected by 
dilution of the air in the containment room. To properly ac-
count for this fact, the time of arrival of the plume is 
assumed to be zero and the decay of the radioisotopes in 
transit is included by adjusting Q0 , as is done in equation 
{9}. Integrating equation (30}, the concentration time inte-
gra 1 bee ome s 
1 €•L•Q r y2 H2 , 
'i' =--• •EXP I- -- - --1 • {1-EXP( - ( A. +L/V) •t]} {31} 
A_+L/V V•rr •a .a •S L 2a 2 2a 2.J 
y z y z 
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The time of exposure to the cloud is calculated by 
subtracting the time it takes for the plume to reach the 
receptor from the time of interest after the accident 
[201-203). The concentration time integral is then calcula-
ted (207-209,147-152], and the total body dose and thyroid 
dose are calculated and added to the doses from all other 
types of releases previously calculated [ 154-162). This com-
pletes the calculation of the total body dose and thyroid 
dose from an elevated filtered continuous release. 
The program then repeats all of the above calculations 
at the same distance until the doses from all 17 contributing 
isotopes have been totaled. The dose at this point in the 
program represents the total dose to the total body and 
thyroid that a receptor vould receive if he vere standing at 
the point where the calculations were performed for the dura-
tion of the time of interest after the accident. 
The next portion of the program compares the doses cal-
culated by the program with the dose limits as specified in 
10CFR100 (37) (219-228]. Ii the dose rises above 25 rem to 
the total body, or 300 rem to the thyroid, asterisks will be 
printed in the output instead of the value of the dose. If 
the dose to either the total body or thyroid falls below 1 
mrem, the dose is considered insignificant and is printed as 
zero in the output. 
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rhe crosswind distance is then incremented and the cal-
culation of the total body and thyroid doses from the 17 
radioisotopes is repeated. The doses are compared vith the 
limits as before and the crosswind distance is incremented 
again . If the crosswind distance is ever greater than the 
width of the plume, the crosswind distance is set to zero, 
the downwind distance is incremented by one increment, and 
the dose calculation is started from the beginning. The 
width of the plume is calculated by assuming that the edge of 
the plume is the point where the concentration has decreased 
to 5~ of its maximum value (38) (232,233], 




Y = cross win d distance where the concentration has 
p 
dropped to p~ of its value on the plume axis. 
If p = 5 , 
y = 2.45 • 0 
p y {33} 
This process is continued until all points that can poten-
tially receive a significant population dose for that age 
gro up ha ve been checked. 
The final segment of the program (306-346] prints the 
results of the calculations in a table. The next age group 
is then selected and the entire calculation described above 
is repeated for each age group specified. 
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Input Description 
The first data input to ALRRDOSE will determine whether 
the results will be printed in tables or drawn on graphs. If 
a table of dose versus downwind distance and crosswind 
distance is desired, enter a zero in column 10 of the first 
card (see Table 5). In this case only one set of cards de-
scribed below will be needed. If a graph of dose ve rsus 
distance directly downwind of the reactor is desired, enter a 
1 in column 10 of the first card and in column 20 enter the 
number of di fferent cases for which the results are to be 
superimposed onto one graph. For this option, one set of 
cards described below will be needed for each case consid-
ered. 
Bach set of input cards to ALRRDOSE consists of four 
g roups. The units of the input parameters are those in 
common use at the ALRR. In this way, a person not familiar 
with the code can more easily run it. 
As shovn in Table 5, the first group of input data in a 
set (card 1) includes the degree of cloudiness of the sky, 
whether the calculation is made during the day or at night, 
the age groups for which the calculation is to be done, and 
the number of time steps in the calculation. If tables are 
desired , the calculations will be performed for all age 
groups of that option. For example, if 3 were the input 
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Table 5. Input for ALRRDOSE 






1 Output option desired 
0 - Graphs (limited ou·tput) 
1 - Tables (full output) 
2 Number of different cases 
1-6 - The number of cases 
1 The degree of cloudiness of 
the sky 
1 - Clear 
2 - Slightly cloudy 
3 - $3/8 Cloudiness 
4 - ~4/8 Cloudiness 
5 - Heavily overcast 
2 The time of day 
1 - During daylight hours 
2 - Not during daylight hours 
3 The age group for which the 
calculation is to be done 
1 - Adult 
2 -(Adult)+teenager 
3 - (Adult+teenager+)child 
4 - (Adult+teenager+child+)infant 
4 The number of time steps in the 
calculation (up to 30) 
1 The ground wind speed at the 
time of the accident 
2 The mass of U2J5 in the core 
knots 
at the beginning of core life grams 
3 The pressure in the containment 
at the time of the accident inches H2o 
4 The time of interest after 




1-30 The duration of each time step seconds 8E10.4 
4 1-30 The power level during each 
tiae step aegavatts 8E10.4 
------------------------------------------------------~--~~-
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parameter for the age groups, the dose vould be estimated 
for the adult, the teenager, and the child. If a graph is 
desired, b~vever, only one age group is considered for each 
case. In this case, if the input parameter for age groups 
were 3, only the child dose would be calculated and plotted. 
The second group (card 2) consists of the ground wind 
speed at the time of the accident (knots), the mass of U235 
in the core at the be~inning of core life (grams), the 
pressure in the containment at the time of the accident (~O) 
(inches H2o), and the time of interest after the accident 
(seconds). 
The third group (as many cards as are needed) consists 
of tbe durition of each time step (seconds) and the fourth 
qroup consists of the power level 3uring each time step 
(megawattsl. There can be as many as 30 time steps in this 
calculation. This vill permit modeling a change in power 
level during core life or multiple startups and shutdowns. 
The time that the raact~r is shut down can be included by en-
teriog zero for power level during that time step. Use sev-
eral time steps of sh~rt duration to model long periods at 




The output from both of the output options of ALRRDOSE 
is divided into three sections. The first two sections are 
the same for both options for each case considered. The 
first section is a list of the input parameters and the sec-
ond section is a table of the fission product inventory of 
the fuel which contributes to the total body dose or thyroid 
dose. 
If the "tables" option i s s pecified, the third section 
will consist of two tables for each age group specified; a 
table of total dose to the total body as a function of 
distance directly downwind of the point of release and the 
crosswind distance from the centerline of the plume, and a 
similar table of total dose to the thyroid. Using this 
option, one obtains the most complete set of results. The 
dose estimate is printed for all distances downwind which 
could potentially receive a dose and all crosswind distances 
which could potentially receive a dose. 
If the "graphs" option is requested, the dose is esti-
mated for distances directly downwind of the reactor only and 
for only one age group. In thi s case, the third section of 
the output will consist of two plots of dose versus downwind 
distance; one plot for the total body dose, and one plot for 
th e thyroid dose. As many as six plots (each requiring 
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different input parameters) can be superimposed onto one 
graph. Examples of each type of output are given in the 
s ample problems. 
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LIMITATIONS OP THE COMPUTER PROGRAM 
If one examines the input requirements and calculational 
procedures of ALRRDOSE, certain restrictions on the 
applicability of the code become apparent. 
For example, two of the input parameters are the degree 
of cloudiness of the sky and the ground wind speed. Each of 
these parameters describes conditions existing at the time of 
the accident and both are likely to change as time increases. 
Another input parameter describes whether or not the 
accident takes place during daylight hours. Obviously, this 
will also change as time passes. Thus, these three input pa-
rameters set an upper limit on the time of interest after the 
accident. 
This restriction is not severe, however, because it is 
assumed that in the event of an accidental fuel meltdown, the 
population which could be exposed to any radionuclides 
reledsed vould be evacuated within a reasonable time. Eight 
hours is therefore set as a practical upper limit to the time 
of interest after the accident. 
If conditions change soon after the accident, a rough 
approximation to the dose can be obtained by running ALRRDOSE 
once for each set of conditions. This will yield approximate 
upper and lower bounds to the dose received. 
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The lower limit to the time of interest after the 
accident i s set by the program to be the time it takes for 
the radioisotopes to reach the receptor. It is the distance 
of interest divided by the vind speed. 
Another limitation on ALRR DOSE i s that the dose estimate 
is not accura t e for very low wind speeds. Diffusion experi-
ments have sho wn that at win d speeds below 2 m/s, diffusion 
category a ss ignment is unreliable (39). The diffusion esti-
mates at low wind speeds, howev e r , result in a lover dose 
than calculated in many cases (40). If the wind speed falls 
below 2 m/s, AL RR DOSE will print a message cautioning the 
use r that the dose estimate may be unreliable. ALR RDOSE is 
applicable only to the ALRR and only for a fuel meltdovn 
accident . Applicaltion of the code to another reactor or for 




Design Basis Accident for the ALBR 
One of the primary obj ectives of writing the present 
code is to evaluate the consequences f olloving the design 
basis accident (DBA) for the ALRR. This must be known to de-
termine whether the reactor facility complies vith conditions 
on site boundaries set forth in 10CFR100 (37). The OBA can 
be modeled by specifying the "worst possible case" for the 
input parameters. The worst case for this code is a wind 
speed of 2m/s, a combination of wind speed, sky condition, 
and time of day which results in Pasquill ' s diffusion catego-
ry being F (6 in Table 2) , a containment pressure of 7 inches 
H2o, and the reactor being at the end of core life. 
The design basis accident for the Ames Laboratory Re-
search Reactor is the slow meltdown and destruction of the 
reactor core resulting from the complete loss of primary o2 o 
coolant, along with the failure of all of the emergency 
cooling systems (or the failure of the operator to initiate 
emergency cooling vhen necessary), and a coincident positive 
containment pressure of 7 inches H2o. 
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The primary coolant may be lost b y a rupture of the core 
inlet pipe , beat exchanger, associated plumbing, or the 
reactor tank itself (see Figure 1). If a leak should occur 
and the coolant drops more than four inches belov its normal 
level, the reactor automatically shuts down, isolation valves 
A and B in the inlet and outlet lines close, and bypass valve 
c opens. The automatic operation of these valves, located 
immediately beneath the reactor, sets up a natural convection 
l oop which will effectively cool the fuel elements for a min-
imum of 14 hours, adequate time for corrective measures to be 
taken. 
If this first line emergency system fails or is too slow 
to prevent major damage, or if the rupture occurs between the 
bypass valv es and the core, then other fuel cooling measures 
can be utilized. The design of the room below the core is 
such that all lost coolant will flow into a sump equipped 
with a sump pump. The operator can energize an external 
recirculation system vhich pumps the lost o2o to a header 
from which it flows by gravity through the fuel elements aod 
back through the leak to the sump. If this system fails or 
is inadequate, the final e•ergency cooling system can be 
initiated. Light water froa a 75,000 gallon elevated stor-
age tank can be released into the header that supplies 
coolant to the elements. · 
150,000 GAL 
HzO 








Only the failure of all of these emergency cooling 
systems will result in fuel meltdown and the design basis 
accident. 
ALRRDOSE was run to estimate the dose from the OBA by 
specifying the ••worst possible case" parameters for the 
input. output from both output options is included beginning 
with the ••tables" option. The first section of the output, 
the input listing, is shovn in Figure 2. The next section, 
the fission product inventory in the fuel at the time of the 
accident, is shown in Figure 3. Figures 4 and 5 are tables 
of dose versus downwind and crosswind distance. Although 
only the adult dose is shown, ALRRDOSE produces similar 
tables for the other age groups. 
The output from the "graphs" option begins with Figure 6 
and is a comparison between two different age groups of the 
dose from the DBA. A portion of the input listing of each 
case is shown in Figures 6 and 7. The remainder of the input 
listing and the list of the fission product inventory are the 
same as those in Figures 2 and 3. Plots of the dose to the 
total body and thyroid from the OBA versus dista nce are shown 
in Fi~ures 8 and 9. 
50 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
••••••••••••••••••••••••••• INPUT FOR CASE NO• I ••••••••••••••••••••••••••• 
••••••••••••••••••••••• •••••• ••••••••••••••••••••••••••••••••••••••••••••••••••• 
WI NO SPEEOc O. J88EE 0 1 K~CTS 
MA SS OF U2 35= O.SOOOE 0 4 GR AM S 
CONTA I NMENT PR E SSURE= 0 .7000E 0 1 INCHE S H20 
TIME OF tNT fqEST AFTER T~E ACC IDENT = Oo7 200E 04 SECCNOS 
SKY CCNO I T I O ~= 3 
TIME OF OAY = 2 
~C . OF AGE G~OUPS= 4 
TIM E S TEP 
Tl"! f SYEP 
T IME STEP 
TIME STEP 
TIM E ST EP 
TIME ST EP 
TIME STEP 
TIME STEP 
T I ME STEP 
II = C.6 77E 06 SECONDS 
21= 0.677E 06 SECONDS 
31= 0 . 6 77E 06 SECONOS 
41 = 0 .677E C6 SECONDS 
5 1 = Oo677E 06 SECONDS 
6 1 = o . s 77E C6 SECONDS 
7 1= ? . S 77E 06 SECONDS 
~ I = ~ . 6 77E 0 6 SECONDS 
9 1= 0 .677E C6 SECONDS 
TIME STEP (101 = Oo677E 06 SECONDS 
TlME S TEP (Ill = Co677E 06 SE CONDS 
TIME STEP 11 2 1= 0 . 6 7 7E C6 SECONDS 
TIME ST EP ( 1 31• Co6 77E 06 SECONDS 
TlME ST EP 1141 • ? .677E C6 SECONDS 
TlME STEP 11 5 1 • ~.67 7 E 06 SECONDS 
TIME ST EP (161 = 0.677E 06 SECO NDS 
TIME STEP 1171 = o . s 77E C6 SECO NDS 
TIME STEP 1181 • Oo577E C6 SECOND S 
TIME ST EP 11 91= 0 . 677E C6 SECONDS 
TIM E STEP 12Cl• Oo677E C6 SECONDS 
PO WER LE \/EL 
POWER LE \IEL 
PO WER LEI/EL 
PO WER LE \I EL 
PO ll ER LEllEL 
PO WER LE\IEL 
POll ER LE \/EL 
POWER LE \/EL 
POWER LE \/EL 
II • o . SCOE 01 MEGAW ATTS 
2 1 = o . scoE 01 MEGAWA TT S 
3 1: o.scoe 0 1 .. F.GA WATTS 
41 = 0 . 500E 0 1 MEGAWATT S 
5 1= 0.50CE 01 MEG AWATT S 
61 : Q, 5COE 0 1 MEGAWAT TS 
71 : 0.500E 01 ~EGAWATT S 
81 = a . scot 0 1 MEG AWA TTS 
91• o .s ooE 0 1 MEGAWATT S 
POWER LEI/EL 11 01= O. SCOE 0 1 MEGA WA TTS 
POWER LEllEL (I l l• o . sooe OJ MEGA WATT S 
PO WER L E llEL 1121 = o.sooe OJ MFGA WATTS 
POWER L E I/ EL 11 3 1• O. SCOE 0 1 MEGA WATTS 
POWER LEI/EL (141 • o . sooE 0 1 MEGAWATTS 
P OWE R LE\IEL 11 ~ 1 = o . scoE Cl MEGAWA TTS 
P OWER LE\IFL (1 6)• o.sooE 0 1 MEG AWATT S 
PO ll ER L E VEL (171• c . SOOE Cl MEGAWATT S 
POWER LEllEL (1 81• o.SCOE Cl MEG AWA T TS 
POWER LEVEL (19) • o . SOOE 0 1 MEGAWATTS 
POWER LE\IEL (2 0 1• O. SOOE 0 1 ~EG AWATTS 
Figure 2. Input listing for the OBA for all age groups 
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TIME STEP I 2 11 = O, 6 77E C6 SECONDS POWE R LEI/EL 121 I s O .SCOE 01 MEGA WATT S 
T !M E STEP 1221= 0. 6 77'E. C6 SE CON OS POWER LEI/EL 1221= o . scoE 01 ME(,AWATT S 
T !ME STEP 1 231= o . 577E C6 SECONDS PO WER LEI/EL (231= o . sooE Cl MEGAW AT TS 
TIME ST !OP (241 = o.6 77E c~ SE CON OS P OWER LEI/EL I 24 I= o . sooE 0 1 MEGAWATT S 
T l'"' E STEP 1251 = C. 677E O!I SE CO NOS POWER LEVEL 1251 = o . scoE 0 I MEGAWAT TS 
T ! ME STEP I 26 1 = c . s 77E C6 SE CO NOS POWER LE \/EL 1261= O . SCOE 01 MEGAW ATTS 
Tl .. E STEP 1271= Oo677E 06 SE CON OS POWER LEI/EL 1271= (l . 5COE 01 MEGAllATT S 
TIME STEP I 28 1 = 'J,6 77E C6 SECONDS POWER LEI/EL ( 281= C oSCOE Cl MEGAWA TTS 
TIME STEP 1291 = ?o!>77E C6 SECONDS POWER LE\IEL I 2'>1 = Q , SOOE 0 1 MEGAWATT S 
TIME STEP !J OI = Co66 7E 06 SE CO NOS POWER LEVEL I 30 I = o.sooE 0 1 MEC.AWATT S 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
figure 2. continued 
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•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
CORE l'IVENTORY OF FISSION PR ODUCT S THAT CONT RIBU TE T C THE TOTAL !'!COY DOSE 
AN D THYRO I D DOSE AFT ER 0 . 20JE 08 SECONDS FRO M THE BEGINN I NG OF CORE LIFE • 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
!; L E "'ENT 
XEIJ8 
XE IJ S 
XEIJSM 
X E 13 J 
X"'IJJM 





11 J I 




l(R 8 S 
KR 8SM 




:>. SS6E C6 
O oll4E OS 
J • 1 I 8 E 04 
Oo2 7 0E 06 
? . J24E 06 
:> . 2 78E 06 
Oo l78E 06 
:> .J18E 06 
:lo586E OJ 
o .eSJE -O J 
o .1 soE 06 
O o lO!:E06 
? . SJ I E OJ 
0 o S44'E OS 
BE TA MEV/O I S 
o.o 
O . J OO E 00 
o.eooE-01 
0 •I SOE 00 
0 o I 90E 0 0 
0 . 1 S9E 00 
O.J20E 00 
Ool 60E 0 1 
o.• • OE CO 
0 o4SOE 00 
O .J4 0E 00 
0 . 2 6 0E 00 
o . eooE-01 
O . J90E 00 
0 o I JSE 01 
o . 2soe oo 
o . 220E oo 
GAMMA MEV/D I S 
0 .690E 00 
Oo 2 6 0E 00 
0 .4SOE 00 
O.JOOE-0 1 
0 .4C OE- OI 
0, SOOf - 0 2 
o. I 77E 01 
O.J80E 00 
o . S80E OC 
0 . 2J6E 0 1 
O . J80E 00 
o . 220E 0 1 
o. o 
Ool 89E 01 
Ool! OE 01 
o . sooE- 02 
0.186£ 00 
HALF-L I FE (SEC l 
O.JJIF OS 
0 . 960E t:'! 
0 .455F Of 
0.199E 06 
O .t O•E 07 
0 . 24 1 F 05 
O , J JllE O& 
Oo756E 05 
o . i:2ee o• 
0 . 696E O~ 
o . •S<'f 05 
0 . !>05E 15 
O .I OIF 05 
0 , 468E 4)4 
O . J28E 09 
O ol SBE OS 
Figure 3. Fission product inventory for the OBA 
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ADULT TOT BODY DOSE <REM ) o 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• I I I I I I I 
•CROSSW IN OI I I I I I I I • 
• DI STM< CO: I 0 1 20 1 421 671 9• I 12•1 1571 194 1 23• . 
• (METER 5 I I I I I I I I I I 
·--~-----l-~ ____ 1 _______ 1 ____ ~1 _______ 1 ______ _..1 _______ 1 ___ ~--1-~----l--------· 
• DOWN'lll"D I I I I I I I I • 
• Cl STANCE I I I I I I I I • 
•J.!!~H~.SLI I I I I I I I 
I I I I I I 
21 ~ . o . I l'>I 0 . 02 •1 o . o I o . o I o . o I o . o I o . o o . o o.o 
• 23~ . C, I O<;I 0 . 02~1 o.o I o.o I o . o I o.o I o.o o .o o . o • 
• 257 . 0 .0941 Oo026 I o . o I o . o I o . c I o.o I o.o o.o o.c 
282 . o . 086 1 0 . 0211 o. 0 I o.o I o . o I o . o I o.o o . o o . o 
• 309. o . 0791 0 . 028 1 o . o I o.o I o . o I o . o I o.o o . o ') , 0 
• 339 . 0 . 07 l I o . c28 I o.o I c.o I o.o I o.o I o . o c . o ') . c 
37 c. 0 . 06 •1 o . c2111 o . o I o . o I o . o I o.o I o.o o. c J.C 
40<; . G . o5el o. 028 1 o. o I o.o I o . o I o.o I o . o o.o c . o • 
4 4 9. o . 05J I 0.0291 o.oo•I o . o I o . o I o . o I o . o c . o c. c 
4 94 . o . 0521 0 . OJ I I o,oos1 o . o I o. o I o.o I o . o o . o o .c 
543 . o . 0561 0 .0361 0.0011 o . o I o.o I o . o I o . o I o. o o . c 
5~e. o . 067 1 o.o•51 0. 0 121 o . o I o . o I o . o I o . o I o . o ') , c • 
658 . 0 . 08 71 o . ot31 o. 0201 o.o I o.o I o.o I o . o I o . o ') . C 
7 2 ~. 0 . 11 <;I o . 0901 o.OJ51 o.o I o . o I o . o I o.o I o.o o.o 
• 798. 0 .16fl o . l J I I 0.0591 0 . 0 121 o.o I o . o I o.o I o . o c.c 
880. o. 21 91 o . 1 eo I 0 . 092 I o.ozs l o. o I o . o I o . o I c . o o . o • 
• 970. 0 . 2741 0 . 2321 o . l 32 I o.o•• I o . o I o . o I o . o I o . o o.o 
I 069 , 0 , Z9 • I 0 . 2581 o . 165 I o. o 10 I 0 . 011 1 o . o I o.o I o.o o . o • 
1179. 0 . 297 1 0 . 2681 0. 1110 1 0. 09 7 I 0.0321 o.o I o.o I c . o o.c • 
I 30 I. ') , 29f I o . 27JI 0.208 1 0 .1 231 0 . 0521 o . o I 0 . o I o . o o.o 
143 ~ . 0 . 290 1 0.2731 0 . 220 1 0 .1 461 0 . 01•1 o . 02 7f o . o I o . o ~.o 
• 1~84 • 0 . 28!!1 0 . 2111 0. 2211 0 .1 61 I o.o9JI o . 04 o I o . o I o . o o . c 
I 748, o . 28C I 0. 2681 o.2JOI 0.112 1 c o1011 o .os2 1 O,O I <;I o . o o.c 
l 929. 0 . 2111 o . ze 1 I 0.2291 0. 1791 0 .I I <,; I o.o6~l 0 . 021 1 c . o c . o 
2129 . 0.2581 0.2501 0 . 22• 1 0 .181 I 0.1281 0 . 0111 0 0037 l o. 01 3 o . c 
2351 . 0 . 2421 o. 23!!1 o. 2 1st 0.11<,;I o.a3•1 0 . 086 1 o . o46l 0 . 020 1 o.c 
2595. o. 22 •I 0.2 111 1 0.202 1 Oo l 74 I o •I 3!:1 0 . 0931 o.o5s l c . 02 7 I o. o 
2f6f . 0 . 20!! 1 o , 201 I o. 188 I 0.1651 o . 134 I 0 . 09 71 0 .0621 o. 03JI c.014 • 
3165. o.a8e l o .a e31 o . I 73 I 0.1551 o . 12<; 1 o . c-;<,; I 0 . 068 1 o. O• o I o. czo • 
3 4 95 . o . 16 71 0 .l f5 I 0 .1 571 0.1431 0 . 1231 0.098 1 0 . 0111 o . 04 5 1 O. C25 • 
3860 . 0. 1541 o. 1521 o. 1•5 I Ool 34 I 0 ol I 7 l o . 011 t>1 0 . 0121 c.0•01 o.02e • 
426J , o . 140 I 0 . 13<;1 o . 1J•I O.t 241 o .a1 c l c.oo;21 0 . 0111 o.o5ol OoOJ I • 
4 709 . C.127 1 0.1261 o.a 221 O.t 14 I o, !OJI 0 . 0001 0.0101 0 . 052 1 o , OJ 4 • 
520 2. O. 11 JI o . 112 I o. 1091 o. I OJ I o . o9•1 0 . 01121 0 . 068 1 0 . 052 1 o . OJ7 • 
574 7, 0 . 098 1 0 . 0<;7 1 o.0951 0 .011 11 0 . 08 4 I 0 , 0761 0 . 065 1 c . 0521 O, OJ<; • 
6.3A e. c . :>8• I o . 084I 0. 0821 o , 0791 0 . 0151 0 . 061! 1 0 . 0601 c . 0501 0. 040 • 
701 •• o . 01 l I o . 0721 o. 011 I o. 06<; I 0 . 0661 o. 061 I 0.055 1 o . o• 11 o , OJ<; • 
7749. o. 063 1 0 . 0621 o. 061 I o . 060 I 0 . 0581 o . 054 1 0 , 0501 0. 0 441 o . 03! • 
8561. 0 .0 5•1 o . C54 I OoOSll o.os21 o . 0501 o . 048 I o , 04 51 0 , 0401 0 , 035 • 
q459, o . 04tl o . 0•61 o . 0451 o, 045 I o . 04 J I 0 . 0•21 o . o3 ~I Q, 03f l 0.03~ • 
10 45 1. o. 04 01 o.O•OI o . o•ol o. 0391 0 • OJ el o . o:nl 0.0351 Q, C3JI O, CJC • 
• 11548. c . 03 71 0. 0361 O. OJ6l O, OJ6 1 o . 035 I o. o3•1 0.0321 0 . 0301 o . 02e • 
• 12760 . o . 03 l I 0 . 0 33 I o. ?33 1 0 . 032 1 o . OJ2 1 o . 031 I 0 . 02111 0.0 281 0.026 • 
14 C9<; , o . 029 1 o. 02<> I 0 . 029 1 0 , 0 2 9 I 0 . 0281 0 . 028 1 0 . 0261 o . 0251 0 .02~ • 
• 1440 4 • o . 029 1 o . 02<,; I o. 0291 0 . 0281 o . 02 e I o. 027 1 0.026 1 o.02s1 0.023 • 
Figur ~ Q. Adult total body dose f rom the DBA 
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I I I I I I I I I • 
• CROSS• I NO I I I I I I I I I • 
•01STANCE I 2H I .?2e1 3831 4431 5101 5e31 6651 7551 e5 • • 
•CMETEqs1 I I I I I I I I I • ___ ____ __ 1 ______ _i ____ ___ 1 ______ L_ _____ 1 _______ 1 _______ L ______ 1 ______ 1 ______ • 
•CO•NWI NO I I I I I I I • 
• O J STAN CE I I I I I I I • 
•!~~!~E~l-1 I I I I I I • 
• I I I I I I • 
• 21!. I o. o o. o o.o I o. o I o. o o.o I o. o I o.o I o.o • 
235. I o.o o. o o.o I o.o I o . o o. o I o.o I o.o I o. c • 
























282 . I o. o o.o o.o I o.o I o. o o.o I o.o I o.o o. o 
30~. I o. o o. o o.o I o. o I o.o o. o I o.o I c.o o.o 
339. I o.o o.o o. o I o.o I o.o o.o I o.o I o.o o.c 
372. I o. o o.o o. o J o.o I o.o o. o I o.o I o.o o.o 
409. I o. o o.o o.o I o.o I o. o o. o I o. o I o. o c.o 
449. I o . o o. o o.o I o. o I o.o o. o I o.o I o.o o. o 
494. I o. o o.o o.o I o.o I o.o o. o I o. o I o.o o.o 
543. I o. o o.o o.o I o. o I o.o o. o I o. o I c. o o.c 
59e. I o.o o. o o. o I o. o I o.o c.o o.o I o.o o. c 
65e. J o. o o. o o.o I o. o I o.o o.o o.o I o. o o.o 
725. I o. o o.o o. o I o. o I o.o o.o o. o I o.o o. c 
798. I o. o o.o o. o J o. o I o.o o. o o. o I o.o o.o 
88C . I o.o o.o o. o o. o J o.o o.o o.o I o.o o.o 
970 . J c .o o. o o. o o. o o.c o. o o. o c . o c. o 
1069 . I o. o o.o o. o o.o o. o o. o o.o c. o o. o 
1179. I o.c o. c I o. o o.o o.o I o.o o. o o. o o. o 
1301. I o. o o. o o. o o. o o.o I o. o o.o o. o o.o 
1435. I o.o I o. o o.o o.o o. o I o . o o. o o. o o. o 
I 58 4. I 0. 0 I 0. 0 0. 0 0. 0 0. 0 I 0. 0 0. 0 0. 0 0. 0 
174 8. I o. o I o.o o.o o. o o.o I o. o o. o o.o o. o 
1929. I o.o I o. o o.o o. o o. o I o.o o.o o.o o. o 
212~ . I o. o I o. o o. o o. o o. c I c. o o. o o. o o. o 
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Figure 5. Adult thyroid dose from the DBl 
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Figure 5. continued 
··········*····································································· 
••••••••••••••••••••••••••• INPUT FOR CA SE NO• 1 ••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
WIND SPEED= Oe388fE 01 K~CTS 
~ASS OF U235= Oe5000E 04 GRAMS 
CONTAINMENT PRESSURE= Oe7000E 01 INCHES H20 
TIME OF INTEREST AFTER T~E ACCIDENT= Oe7200E 04 SECONDS 
SKY CONDITIO~= 3 
TIME OF DAY= 2 
hG. OF AGE GROUPS= l 
TIME STEP ( 1) = Oe677E C6 SECONDS POWER LEVEL ( 1 ) = 0 e5 OOE 01 MEGAWATTS 
TIME STEP ( 2)= 0.6 77E 06 SECONDS POWER LEVEL ( 2)= o.sOOE 0 1 MEGAWATTS 
TIME STEP ( 3)= 0 • 6 77E 06 SECONDS POWER LEVEL ( 3)= 0 • 500E 01 MEGAWATTS 
TlME STEP 4)= o. 6 77E 06 SECONDS POWER LEVEL ( 4)= o.sooE 01 MEGAWATTS 
TIME STEP ( 5)= Oe677E 06 SECONDS POWER LEVEL ( 5) = o.sooE 01 MEGAWATTS 




••••••••••••••••••••••••••• INPUT FOR CASE NO. 2 ••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
WINO SPEED= Oe3886E 01 K~OTS 
~ASS OF U235= o.5000E 04 GRAMS 
CONTAINMENT PRESSURE= Oe7000E 01 lNCHES H20 
TlME OF INTEREST AFTER THE ACCIDENT= Oe7200E 04 SECONDS 
SKY CONOITIO~= 3 
TIME OF DAY= 2 
NO. OF AGE GROUPS= 4 
TIME STEP ( 1)= Oe677E 06 SECONDS POWER LEVEL 1) = Oe500E 01 MEGAWATTS 
TIME STEP ( 2)= 0.677E 06 SECONDS POWER LEVEL ( 2)= o.sooE 01 MEGAWATTS 
TIME STEP ( 3)= Oe677E 06 SECONDS POWER LEVEL 3)= 0.500c 01 MEGAWATTS 
TIME STEP ( 4)= Oe677E C6 SECONDS POWER LEVEL ( 4) = o.sOOE 01 MEGAWATTS 
TIME STEP ( 5)= Oe677E 06 SECONDS POWER LEVEL 5)= 0.500E 01 MEGAWATTS 
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INFANT 2 - ~ 
The total body dose 
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Figure 8. Adult and infant total body dose from OBA 
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Figure 9. Adult and infant thyroid dose from OBA 
6 1 
Piqure 8 shows that the total body dose to an adult is 
nearly equal to that to an infant . This is due to the fact 
that the inte rnal total body dose is the only portion of the 
total body dose that is age dependent and its contribution to 
the total dose is very small . ThP thyroid dose to an infant, 
however, is larger than that to an adult , as shown in Figure 
9. The infant dose is the largest of all the age groups fol-
lowed by the adult dos e , the child dose , and the teenage 
dose. The maximum valu es of the doses from the OBA for the 
different ~ge groups is shown in Table 6 . These doses are 
consijerahly belo~ the maximum values imposed by 10CFR100 of 
25 r e m to the total b~dy and 300 rem to the thyroid in two 
hours. 






total b~ dy 
dose (rem} 
o. 29 7 
o. 296 










dose (rem ) 
10.106 
7.025 









Other Fuel Meltdown Accidents 
The dose estimate from the design basis accident is nec-
essarily a very conservative estimate. At the time the OBA 
takes place, all parameters affecting the dose to the popula-
tion must have values resulting in the largest dose estimate. 
A more r ealistic case, however, is that at the time of the 
postulated fuel meltdown accident, one or more of the parame-
ters affecting the dose will be different than the "worst 
possible case." ALFRDOSE was run with different values for 
the input parameters to estimate the population dose from 
fuel meltdown accidents other than the DBA . 
The win d speed , the time of day and the degree of 
clo udiness were vari ed to determi ne the effect of the atmos-
pheric s tability category on the dose estimate , and the 
co ntai nment pressure was varied to determine the contribution 
of the g round level unfiltered puff release to the dose esti-
mate. The time of interest after the accident was also var-
ied to determine the effect of the e va cuation time on the 
total dose . The results for four different sets of condi-
tions are sho wn in the following sections. The input parame-
ters are listed first followed by the plots of the results. 
Except for the parameter under study, all parameters are kept 
the same as the OBA parameters in each case with the excep-
tion of the number of time steps , which was changed to one to 
conserve computer time. 
63 
The effect of changes in wind speed on the dose can be 
observed by selecting conditions such that the atmospheric 
stability category remains constant at different wind speeds. 
The stability category remains at 4 at all wind speeds if 
the sky is heavily overcast. This condition was selected and 
the dose was calculated at six different wind speeds. The 
input parameters are listed for each case in Figures ·10 
through 15. The wind speeds used are 1.5 m/s, 2.0 m/s, 3.0 
mis, 5.0 m/s,7.0 m/s, and 10.0 m/s. The results of the dose 
calculations, plotted in Figures 16 and 17, show that the 
overall effect of an increase in the wind speed within one 
stability category is a decrease in the dose estimate. This 
is due to increased diffusion at higher wind speeds. The 
wind speed appears in the denominator of the equation for 
calculating the air concentration of each nuclide. 
Therefore, the curves should exhibit an approximate 1/S rela-
tionship, where s is the wind speed, which is the case. 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
*************************** INPUT FOR CASE NO. 1 ••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
WIND SPEED= Oel94~E 01 K~OTS 
MASS OF U235= O.SOOOE 04 GRAMS 
CONTAINMENT PRESSURE= 0.7000E 01 INCHES H20 
TIME OF INTEREST AFTER THE ACCIDENT= 0.2880E 05 SECONDS 
SKY CONDITION= 5 
TIME OF DAY= 1 
~O. OF AGE GROUPS= 1 




WIND SPEED IS LESS T~AN 2 M/S. 
DOSE ESTIMATES M4Y BE UNRELIABLE. 
Figure 10. Input listing for a vind speed of 1.5 a/s 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
••••••••••••••••••••••••••• INPUT FOR CASE NO. 2 • •••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
WIND SPEED= O.J886E 01 KNOTS 
MASS OF U235= Oe5000E 04 GRAMS 
CONTAINMENT PRESSURE= Oe7000E 01 INCHES H20 
TIME OF INTEREST AFTER T~E ACCIDENT= 0.2880E 05 SECONDS 
SKY CONDITION= 5 
TIME OF DAY= 1 
TIME STEP ( 1)= 0.203E 08 SECONDS POWER LEVEL ( 1)= 0.500E 01 MEGAWATTS 
·························$······················································ 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Figure 11. Input listing for a wind speed of 2.0 •/s 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
INPUT FOR CASE NO. ~ ••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
~IND SPEED= 0.5828E 01 K~OTS 
MASS OF U235= 0.5000E 04 GRAMS 
CONTAINMENT PRESS URE= 0.7000E 01 INCHES H20 
TIM E OF INTEREST AFTER T~E ACCIDENT= 0.2880E 05 SECONDS 
SKY CONDITION= 5 
TIM E OF DAY= l 
~C. OF AGE GROUPS= 1 
TIME STEP ( l>= 0.203E 08 SECONDS POWER LEVEL ( l)= o.sooE 01 MEGAWATTS 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 




••••••••••••••••••••••••••• INPUT FOR CASE NO. 4 • •••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
WINO SPEED= C.~713E 01 K~OTS 
MASS OF U235= O.SOOOE 04 GRAMS 
CONTAINMENT PRESSURE= 0.7000E 01 INCHES H20 
TIME OF INTEREST AFTER TrE ACCIDENT= Oe2880E 05 SECONDS 
SKY CONDITION= 5 
TIME OF DAY= 1 
~O. OF AGE GROUPS= 1 
TIME STEP C 1)= 0.203E 08 SECONDS POWER LEVEL ( 1)= O.SOOE 01 MEGAWATTS 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Figure 13. Input listing foe a vind speed of 5.0 •Is 
******************************************************************************** 
INPUT FOR CASE NO. 5 ******************* ******** 
******************************************************************************** 
WINO SPEED= Oel360E 02 K~OTS 
MASS OF U235= O.SOOOE 04 GRAMS 
CONTAINMENT PRESS UR E= 0.7000E 01 INChES H20 
TIME OF INT EREST AFTER T~E ACCID ENT= Oe2880E 05 SECONDS 
SKY CCNDITIO~= 5 
TIME CF DAY= 1 
~O. OF AGE GROUPS= 1 
TIME STEP ( 1) = 0.203E 08 SECONDS POWER L EVEL ( l, = o.sooE 01 MEGAWATTS 
************************************************************* ******************* 
******************************************************************************** 
Figure 14. Input lis ting for a wind speed of 7.0 m/s 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
••••••••••••••••••••••••••• INPUT FOR CASE NO. 6 • •••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
~IND SPEED= Oel942E 02 K~CTS 
MASS OF U235= o.soooE 04 GRAMS 
CONTAINMENT PRESSURE= Oe7000E 01 INCHES H20 
TIME OF INTEREST AFTER THE ACCIDENT= Oe2880E 05 SECONDS 
SKY CONOITIO~~ 5 
TIME OF DAY= 1 
NO. OF AGE GROUPS= 1 
TIME STEP ( l)= Oe203E 08 SECONDS POWER LEVEL ( 1)= o.sooE 01 MEGAWATTS 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Figure 15. Input listing for a wind speed of 10.0 •/s 
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Figure 16. Adult total body dose for different wind 



































rJ vi nd speed 
x to" 
(Ml 
Figure 17. Adult thyroid dose for different wind 












The effect of ch~nges in the atmosph~ric stability cate-
gory on the dose is determined by changing the sky condition 
and time of day while keeping the wind speed constant. 
Figures 18 through 23 list the input parameters for each sta-
bility category at d constant wind speed of 2 m/s . The 
r esults are shown in Figure s 24 and 25 . Case one calculated 
the dose for stability category one , case two for category 
two, and so on . The 1tmospheric diffusion increases as the 
stability category goes from six to one. This is the 
apparent reason for the shift in the maximum of the total 
body dose c urve to sh~rter dis ta nces and higher doses as the 
diffusion increases. The activity released from the stack as 
an elevated filtered release diffuses to the ground at a much 
shorter distance when the stability category is one or tvo 
than when it is five or six. In addition, a receptor being 
expos~d to the maximum concentration of a plume at very short 
distances will be exp~sed for a longer period of time than if 
he were at a greater distance from the reactor, resulting in 
a larger dose. 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
••••••••••••••••••••••••••• INPUT FOR CASE NO. t • •••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
~IND SPEED= 0.3886E 01 K~OTS 
MASS OF U235= 0.5000E 04 GRAMS 
CONTAINMENT PRESSURE= 0.7000E 01 INCHES H20 
TIME OF INTEREST AFTER THE ACCIDENT= 0.2880E 05 SECONDS 
SKY CONDITION= 1 
TIME CF DAY= 1 
~O. OF AGE GROUPS = 1 
TIME STEP C 1)= 0.203E 08 SECONDS POWER L E VEL C 1) = 0.500E 01 MEGAWATTS 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
·····················*·························································· 
Figure 18. Input lis ting for stability cate gory 1 
******************************************************************************** 
*************************** INPUT FOR CASE NO. 2 *************************** 
******************************************************************************** 
WIND SPEED= 0.3886E 01 K~GTS 
MASS OF U235= o.sOOOE 04 GRAMS 
CONTAINMENT PRESSURE= 0.7000E 01 INCHES H20 
TIME OF INTEREST AFT ER THE ACCIDENT= Oe2880E 05 SECONDS 
SKY CONCITION= 2 
TIME OF DAY= 1 
~O. OF AGE GROUPS= 1 
TIME STEP ( 1)= Oe203E 08 SECONDS POWER LEVEL ( 1)= o.sooE 01 MEGAWATTS 
******************************************************************************** 
******************************************************************************** 
Fiqure 19. Input listing for stability category 2 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
••••••••••••••••••••••••••• INPUT FOR CASE NO. 3 ••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
WIND SPEED= Oe3886E 01 KNCTS 
MASS OF U235= O.SOOOE 04 GRAMS 
CONTAINMENT PRESSURE= Oe7000E 01 INCHES H20 
TIME OF INTEREST AFTER THE ACCIDENT= Oe2880E 05 SECONDS 
SKY CONDITION= 4 
TIME OF DAY= 1 
~O. OF AGE GROUPS= 1 
TIME STEP ( 1)= 0.203E 08 SECONDS POWER LEVEL ( 1)= o.sooE 01 MEGAWATTS 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Yiguce 20. Input listing for stability category 3 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
••••••••••••••••••••••••••• INPUT FOR CASE NO. 4 ••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
WIND SPEED= 0.3886E 01 K~OTS 
MASS OF U235= O.SOOOE 04 GRAMS 
CONTAINMENT PRESSURE= 0.7000E 01 INCHES H20 
TIME OF INTEREST AFTER THE ACCIDENT= o.2aaOE 05 SECONDS 
SKY CONDITION= 5 
TIME OF DAY= 1 
NO. OF AGE GROUPS= l 
TIME STEP ( 1)= Oe203E 08 SECONDS POWER LEVEL ( 1) = O.SOOE 01 MEGAWATTS 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Figure 21. Input lis tin g for stability category 4 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
••••••••••••••••••••••••••• INPUT FOR CASE NO. 5 ••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
WIND SPEED= Oe3886E 01 K~CTS 
MASS OF U235= o.sOOOE 04 GRAMS 
CONTAINMENT PRESSUR E= 0.7000E 01 INCHES H20 
TIME OF INTEREST AFTER THE ACCIDENT= 0.2880E 05 SECONDS 
SKY CONCITION= 4 
TIM E OF DAY= 2 
NO. OF AGE GROUPS = 1 
TIME STEP ( 1)= 0.203E 0 8 SECONDS POWER LEVEL ( 1)= o.sooE 01 MEGAWATTS 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Figure 22. Input listinq for stability c ategory 5 
******************************************************************************** 
*************************** INPUT FOR CASE NO. 6 *************************** 
******************************************************************************** 
WINO SPEED= Oe3886E 01 K~CTS 
MASS OF U235= O.SOOOE 04 GRAMS 
CONTAINMENT PRESSURE= Oe7000E 01 INCHES H20 
TIME OF INTEREST AFTER THE ACCIDENT= 0.2880E 05 SECONDS 
SKY CONDITION= 3 
TIME CF DAY= 2 
~O. OF AGE GROUPS= 1 
TIME STEP ( 1)= Oe203E 08 SECONDS POWER LEVEL ( 1)= O.SOOE 01 MEGAWATTS 
******************************************************************************** 
******************************************************************************** 
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Figure 24. Adult total body dose for each stability 
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Figure 25. Adult tayroid dose for each stability 
category at a vind speed of 2 a/s 
81 
Unfiltered air will not leak from the containment build-
ing if the pressure inside the containment is at or below at-
mospheric pressure. Therefore, the contribution to the total 
dose from unfiltered containment air leakage can be deter-
mined by varying the pressure inside the containment at the 
time of the accident. The doses were estimated at three dif-
ferent containment pressures, the maximum pressure of 7 
inche s H2 o, 1.5 inches H2o, and 0.0 inches H2o or atmospher-
ic. The input parameters are listed in Figures 26 through 28 
and the results are plotted in Figures 29 and 30. When the 
containment pressure is above atmospheric, as it is in the 
first two cases, the contribution of the ground level 
unfiltered puff release to the total dose is seen to be the 
initial decreasing portion of the curves. The contribution 
of the elevated filtered continuous release plus the portion 
of the filtered puff release when the containment pressure is 
decredsing from 0.0 inches R2o to -3 inches H2o (see Table 3) 
is the area below the curve for 0.0 inches H o containment 
pressure, case 3. The contribution of the elevated filtered 
puff release when the containment is above atmospheric is 
then the difference between the curve of case three and the 
curves tor positive containment pressure. 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
••••••••••••••••••••••••••• INPUT FOR CASE NO. 1 ••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
WIND SPEED= 0.3886E 01 KNOTS 
MASS OF U235= o.sOOOE 04 GRAMS 
CONTAINMENT PRESSURE= 0.7000E 01 INCHES H20 
TIME OF INTEREST AFTER THE ACCIDENT= 0.28BOE 05 SECONDS 
SKY CONDITION= 3 
TIME CF DAY= 2 
NO. OF AGE GROUPS= 1 
TIME STEP ( lt= 0.203E 08 SECONDS POWER LEVEL ( l)= 0.500E 01 MEGAWATTS 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 




••••••••••••••••••••••••••• INPUT FOR CASE NO. 2 *************************** 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
WINO SPEED= Oe3886E 01 KNOTS 
MASS OF U235= o.sOOOE 04 GRAMS 
CONTAINMENT PRESSURE= Oel500E 01 INCHES H20 
TIME OF INTEREST AFTER THE ACCIDENT= 0.2880E 05 SECONDS 
SKY CONDITION= 3 
TIME ~ DAY= 2 
NO. OF AGE GROUPS= 1 
TIME STEP < 1>= Oe203E 08 SECONDS POWER LEVEL ( 1)= o.sooE 01 MEGAWATTS 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
******************************************************************************** 
Pigure 27. Input listing for a contain•ent pressure of 1.5 inches u2o 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
••••••••••••••••••••••••••• INPUT FOR CASE NO. 3 • •••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
WIND SPEED= 0.3886E 01 KNOTS 
MASS OF U235= o.sOOOE 04 GRAMS 
CONTAINMENT PRESSURE= O.O INCHES H20 
TIME OF INTEREST AFTER THE ACCIDENT= 0.2880E 05 SECONDS 
SKY CONDITION= 3 
TIME OF DAY= 2 
NO. OF AGE GROUPS= 1 
TIME STEP ( 1)= 0.203E 08 SECONDS POWER LEVEL C 1)= o.SOOE 01 MEGAWATTS 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
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Figure 29. Adult total body dose at different 
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Figure 30. Adult thyroid dose at different containaent 
pressures 
87 
The effect of changes in evacuation time can be deter-
mined by varying the time of interest after the accident. 
Four evacuation times were considered, 10 minutes, 30 
minutes, 2 hours, and 8 hours. The input parameters are 
listed in Figures 31 through 34 and the results are shown in 
Figures 35 and 36. The thyroid dose decreases for shorter 
evacuation times but the total body dose remains nearly con-
stant. The apparent reason for this is that the total body 
dose is almost entirely comprised of the external dose 
received from the short-term puff releases and is affected 
very little by the elevated continuous release. The thyroid, 
however, receives a much higher dose from iodine than does 
the total body so the effect of the continuous release is 
seen in this case. 
·················~······························································ 
••••••••••••••••••••••••••• INPUT FOR CASE NO. 1 ••••••••••••••••••••••••••• 
················································••*•••················ ·· 
•IND SPEED= CeJ886E 01 K~OTS 
MA SS OF U235= O.SCOOE 04 GRAMS 
CONTAINMENT PRESSURE= 0.7000E 01 INCHES H20 
TIME OF INTERE S T AFTER T~E ACCIDENT= Oe 2 880E 05 SECONDS 
SKY CONDITION= 3 
TIME OF DAY= 2 
~O. OF AGE GROUPS= 1 
TIME STEP ( 1>= Oe20JE 08 SECONDS POWER LEVEL ( 1)= Oe5 0 0E 01 MEGAWATTS 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Fiqure 31. Input listing for an eyacuation tiae of 8 hours 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
••••••••••••••••••••••••••• INPUT FOR CASE NO. 2 ••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
WIND SPEED= O.J886E 01 K~OTS 
MASS OF U235= o.sOOOE 04 GRAMS 
CONTAINMENT PRESSURE= 0.7000E 01 INCHES H20 
TIME OF INTEREST AFTER THE ACCIDENT= 0.7200E 04 SECONDS 
SKY CCNDITIO~= 3 
TIME OF DAY= 2 
~O. OF AGE GROUPS= 1 
TIME STEP ( 1)= 0.203E 08 SECONDS POWER LEVEL ( 1)= 0.500E 01 MEGAWATTS 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Figure 32. Input listing for an evacuation tiae of 2 hours 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
••••••••••••••••••••••••••• INPUT FOR CASE NO. 3 ••••••••••••••••••••••••••• 
································*··············································· 
~IND SPEED= Oe3886E 01 K~OTS 
MASS OF U235= o.sOOOE 04 GRAMS 
CONTAINMENT PRESSURE= 0.7000E 01 INCHES H20 
TIME OF INTEREST AFTER TrE ACCIDENT= o.1800E 04 SECONDS 
SKY CCNDITION= 3 
TIME OF DAY= 2 
~O. OF AG E GROUPS= 1 
TIME STEP ( l)= 0.203E 08 SECONDS POWER LEVEL ( 1> = o.sooe 01 MEGAWATTS 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Figuce 33. Input listing for an evacuation time of 30 ainutes 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
••••••••••••••••••••••••••• INPUT FOR CASE NO. 4 • •••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
9lND SPEED= Oe3886E 01 K~CTS 
MASS OF U235= o.sCOOE 04 GRAMS 
CONTAIN~ENT PRESSURE= 0.7000E 01 INCHES H20 
TIME OF lNTEREST AFTER ThE ACCIDENT= 0.6000E 03 SECONDS 
SKY CONDlTION= 3 
TlME OF DAV= 2 
NO. OF AGE GROUPS= 1 
TIME STEP ( 1) = 0.203E 08 SECONDS POWER LEVEL ( l)= o.sOOE 01 MEGAWATTS 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
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Fiquce 35. Adult total body dose for different 
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Figure 36. Adult thyroid dose for different 
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SUMMARY AND CONCLUSIONS 
ALRRDOSE is a useful tool which can be used to study the 
effects on the dose estimates of changes in atmospheric con-
ditions, containment building parameters dnd core parameters. 
It can also be used to provide an estimate of the dose 
received in the e vent of a fuel meltdown accident at the 
ALRR . 
The current safety analysis report for the ALRR estimat-
ed the doses from the DBA to be approximately ten times 
higher than those estimated by ALRRDOSE. The largest 
contributor to this difference seems to be that ALRRDOSE uses 
the Gaussian plume diffusion model instead of the Sutton 
model for atmo spheric diffusion. A~ the exclusion boundary 
distance of 215 meters dnd a wind speed of 2.5 m/s, the 
Sutton model predicts the concentration of activity in the 
air to be 0 . 043 • Q curie-s/m3 while the Gaussian plume 
diffusion model predicts 0.0047•Q curie-s/m3. 
The dose estimates to the total body and thyroid calcu-
lated by ALERDOSE for the design basis accident at the ALRR 
are far below the limits set forth by 10CFR100 and the esti-
mates of doses from other accidents are lower than those of 
the DBA . Considering that most of the assumptions and ap-
proximations used in the code are conservative, the actual 
dose from a fuel meltdown accident at the ALRR would likely 
be lover than the estimates. 
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RECOMMENDATIONS FOR FUTURE WORK 
ALRRDOSE was written specifically for the ALRR and ap-
plies only to a fuel meltdown accident. However, the por-
tions of the program describing containment pressure reduc-
tion, release to the environment and dispersion in the atmos-
phere are e~ually valid for any type of instantaneous 
radioactivity release to the containment room. If the amount 
of radionuclides released to the containment can be deter-
mined, only moderate modification of the program would be re-
quired to determine the concentration in the air at different 
distances from the reactor. 
with somewhat greater modification the code could be 
made to estimate the long-term dose f ·rom a radionuclide that 
is continuously released to the environment, such as tritium. 
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APPENDIX A: LISTING OF ALRRDOSE 
The following is a listing of ALRRDOSE. The reference 
numbers to the right of the statements are referenced in the 
description of the code beginning on page 15. 
10, 
REAL•4 GLA B (5)/' ',' 1 ,' A','GE ','CASE'/ 1 
REAL•4 Al / ' AD' / ,B1/'ULT 1 /,A2/ 'TEEll ' /,B2/'AGE 1 /, 2 
113/ 1 C H1 / ,B3 / 1 ILD 1 / ,A4/ 1 IllF'/,B4/ 1 ANT ' I 3 
BEAL•4 YLAB(5)/' TOT',' BOD','Y DO','SE (','REPI)' / 4 
REAL•4 BB1/' TH'/,BB2/'YROI'/,BB3/'D DO'/ 5 
REAL•4 AB1/' TOT 1 /,AB 2/ ' BOD 1 /,AB3/'Y DO ' / 6 
REAL*4 DLAB(5)/' ',' '•' •,• •,• ' / 7 
RE AL•4 Al(6)/ 1 1 - ','2 - ', 1 3 - •,•4 - 1 ,'5 - ', 1 6 - 'I 8 
DIPIEllSION DFA(7,2,4),IDCAT(5,5, 2),TOTDOS (66,6 6),Rl(4),PWR(30), 9 
1D(66,6) ,TB(66,6),THY(66,6) ,XDOS(56) ,tDOS(56) ,llDIS(6) ,JAGE(6) 10 
REAL LAKR,LlII,LlXE,LAllKR (7) ,LAllII (7) ,LAPIXE(7) ,THYDOS(66,66) 11 
INTEGER TYPE,ICROS(66) 1 ~ 
DATA DFA/6.19E-06,6.61E-07,2.56E-06 ,1.45E-07,5.67E-07,7.70E-08 , 1 3 
13. 22E-07, 5 .55E-03,2.18E-04,1.49E-03, 5 .48E-05,3.66E-04,2.87E-05 , 14 
2 1 • 17 E-0 4, 9 . 8 1 E-06. 0 • • 3. 5 2 E- 06 , 0. , 7. 9 3 E- 07 I 0. I o. , 7. 3 2E- 0 3, , 5 
30. , 1. 74 E· 0 3 , 0., 4. 79 E· 04, 0 . , 0., 2. 86 E-0 5, 0., 9. 4 7 E-06, 0., 2 . 17 E-0 6, 16 
40. , 0. , 2 . 14 E-0 2, O. , 4. 16 E- 0 3 , O. , 1. 36 E-0 3 , O. , 0. , 5. 8 2E- 05, 0. , 1 7 
51 .79 E-05,0 .,4.19E-06,0.,0., 5.21E-02 , 0 .,1. 01E-02 ,0.,3. 33E- 03 , 2•0. / 1 8 
DATA Rl/3.47E-4,2.34E-4,1.22E-4,9.72E-5/ 1 9 
CO!IPIOll/ PETE/ QXE(7) ,BETAXE (7) ,GlllAXE (7) , QII (7), 20 
1 BETA.II (7) , GAIUII (7) ,QKR (7), BETA KR (7), GllUKR (7), TIPIEE (30), O!llSS, 21 
2LUIXE,L l!lI I ,LlllKR,FLDXX(3 0) ,NTIPI 22 
RElL X(4)/'TOT ', 1 BODY','TEIYR', 1 0ID 1 / 23 
D l TA r D CA r 11 , 1 , 2, 3 , J , 1, 2 , 2 , J , 4 , 2, 2 , 3, 4, 4, 2, J, 3 , 4, 4 , 4 , 4 , 4, 4 , 4 , 2 4 
16,6,5,4,4,6 ,6,5,4,4,6 , 6,5,4 ,4,6, 5,4,4,4,4 ,4,4,4,4 / 25 
CALL ERRSET(208,256,- 1,1) 26 
DO 1 I=1,56 27 
XDOS(I)=O. 28 
YDOS (I) =O . 29 
DO 2 I = 1, 6 3 0 
DO 2 J=1 , 65 31 
TB (J, I)=O. 32 
THY (J, I ) =O . 33 
2 D (J,I)-=O. 34 
READ (2,209) IPLOT ,M:& SES 35 
IF(IPLOT.NE.1) llCASES=1 36 
DO 800 llCAS = 1,llCASES 37 
DO 4 JK=1,30 38 
PWR (JK) =O . 39 
TIPIEE (JK) = O. 4 0 
4 FLUXX (JK) =O. 41 
DO 6 IJ-=1,65 4 2 
ICROS(I~=O 43 
DO 6 IJIJ= l,65 44 
TOTDOS(IJ , IJIJ)=O. 45 
6 THYDOS (IJ,IJIJ) =O. 4 6 
READ(2,209) ISKt,llDU,IAGE, llTIPI 47 
RE AD(2,210) SPEED , UllASS , PRESS,THIPIE 4 8 
READ(2 , 210) (TIPIEE(I) , !=1 ,NTIPI) 49 
RE AD ( 2 , 210) ( PWR(I) ,I =1 ,liT I!I) 5 0 
WRITE (6, 2 11) NCAS , SPEBD, Ul'IASS , PRESS,TIPIPIE 5 1 
WRI TB (6, 2 12) ISKY ,llDAY,IA GE 52 
DO 3 KJ =1,NTIPI 53 
P'LUXX (KJ) = PWB (KJ) 54 
3 WR ITE(6 , 213) KJ,TillEE(KJ),KJ,PllR(KJ) 55 
WR IT E (6 , 2 1 4) 5 6 
20 9 FORPIAT ( 8I10) 57 
2 10 FORPIAT(8E10.4) 58 
2 11 FORllAT('1',80(1H•)/ 1 0 1 ,27(1H•),JX,'INPOT FOil CASE N0. 1 ,I2,3X, 59 
127 (1H•)/'0 1 ,80(1H•)/ 60 
1'-','WillD SPEE0= 1 , E11 .4, ' KlfOTS'l'O','llASS OF 0235= 1 ,E11.4, 61 
2' G~ API S '/ ' 0 ', 'COllTAINllEllT PRESSORE= ',E11.4,' INCHES H20 1 / 62 
3' 0 ','TillE OP INTEREST APT ER THB ACCIDEllT= 1 ,E11.4,' SECONDS') 63 
2 1 2 FORPI AT(' 0 ', 1 SKY COllDITION= 1 ,I5/ 1 0 1 , 1 Till E OF Dlt=' , !5/ 64 
102 
1'0 1 ,'NO . OP AGE GROUPS= 1 ,I5) 65 
2 1 3 FORIUT ( 1 0 1 , 1 Til1 E S T EP ( 1 ,I2, 1 ) = 1 ,E11.3, • SECONDS 1 ,5X, 66 
1 1 POWER LEVEL ( 1 ,I2,')= 1 ,E11.3, 1 l!EGAlllTTS') 67 
214 PORl!AT{ 1 - 1 ,80(1H*)/ 1 0 1 ,80(1H*)) 68 
215 FOR!UT{ 1 1') 69 
216 FORl1AT{ 1 - 1 , 1 •••WARNING••• 1 / 1 0', 1 WIND SPEED I S LESS THAN 2 11/S.' 7 0 
1/ 1 0 1 , 1 DOSE ESTIIUTES llAY BE UNRELIABLE.') 71 
SPEEO=S PEEO•O. 5148 7 2 
IP ( SPE EO .GE.2.) GOTO 5 73 
WRITE {6, 216) 74 
5 CALL ISOGN2 75 
REWIND 5 76 
C DETERl!INE PlSQUILL ' S STABILITY CATEGORY FRO!! WINO S PEED (SPEED), 77 
C DEGREE OF CLOUDINESS (ISKY), ANO Til!E OF DAI (NOH). 78 
NCLA SS=5 79 
IF (SPEED. LE. 6.) NCLASS = 4 80 
I F {S PEED. LT. 5.) NCLASS=3 81 
IF (S PEED. LT. 3.) NCLASS=2 82 
IF (S PEED. LT. 2.) NC LASS= 1 83 
TYPE = IDCAT {NCLASS ,ISl!:Y,NOAY) 84 
JAGE{NCAS)=IAGE 85 
00 1 00 L= 1,IA GE 86 
NlGE=L 87 
IP ( IPLOT. EQ. 1) lllGE= JA GE {NCA S) 88 
NO=O 89 
ICl!AX =O 90 
DIS=21 5. 91 
DO 400 ID = 10,65 92 
IF {DIS. LT. SPEED•Til!ftE) GOTO 31 93 
DIS=SPEED•Til!l!E 94 
ND=1 95 
31 CROSS=O. 96 
00 500 I C= 10,65 97 
C CO l!PUTE DOSE FRO!! EACH OF 17 NUCL I DES FOR GROUND LEVEL UNFILTERED PUFF 98 
C RELEASE FIRST , THEN FOR ELEVATED FILTERED PUFF RELEASE, THEN FOR 99 
C ELEVlTED FI LTEREO CONTINUOUS RELEASE. 10 0 
OOSTB =O . 101 
DOSTHI=O. 10 2 




CII=O. 10 7 
CIE=O. 108 
IP {LAl!l!:R(I) . GT.0.) GOTO 24 109 
LHR=O. 110 
GOTO 34 111 
2 4 LAl!:R =0. 693/LAl!l!:R(I) 112 
34 QPKR=QK R(I) *EXP(-LAKR*DIS/SPEED) 11 3 
IP{LAl!II(I).GT.O.) GOTO 45 114 
LAII=O. 115 
GOTO 44 116 
4 5 LAII =0. 693/LAl!II(I) 117 
44 QPII =QII (I) 11 8 
IF(LAl'IXE(I).GT.O.) GOTO 54 119 
LAIE=O. 120 
GOTO 25 121 
5 4 LAXE=0.693/LAl!XE(I) 122 
25 QP XE =QXE (I)*l::X P (-LAXE•DIS/SPEED) 123 
C COl!PUTE THE PRESSURE-DEPENDENT LEA!( RlTB (Cl!:R,CII,CIE) FRO!! 124 
C THE CONTAINl!ENT BUILDING DURING OVERPRESSURE. 125 
XPRESS= PRESS•2.4908 126 
CKR= (XPRESS/17.4) •2.03/1. 42E4*QPD 127 




C COftPOTE ?HE STAHOARO OEVIlTION OF THE PLO"E ANO INCLUDE THE 131 
C CORECTION FOR THE TURBULENT WlKE OF THE REACTOR BUILDING. 132 
41 SY=SIG"!(DIS,TYPE) 133 
IF ( H. NE • 0 . ) GO TO 2 1 13 4 
SS Y=SQRT(SY .. 2+32.66) 135 
SSSY=1. 732 l• St 136 
IF(SSY.GT.SSSY)SSY=SSSY 137 
SY=SSY 138 
21 SZ=SI G!Z(DIS, TTPE) 139 
IF(H.NE.O.)GOTO 51 140 
SSZ=SQRT(SZ••2+32.66) 141 
SSSZ=1. 7321•sz 142 
IF(S5Z.GT.SSSZ)SSZ=SSSZ 143 
SZ=SSZ 144 
C CO"PUTE THE CONCENTR ATI ON OF TBE RADIONOCLIOES (CHKR,CHII,CHXE) IN 145 
C THE AT!OSPRERE lT THE DISTANCE OF INTEREST. 146 
51 cx=eaoss•• 21 (2.•sY••2) 147 
HX =CX+H••2/(2.•sz••2) 148 
IF (HX. GT.174.) HI=174. H9 
CHKB=CKR/(3. 1416•SPEEO•St•SZ)/EIP(HX) 150 
CH II=CII/(3.1 416•SPEED*SY•SZ)/E XP(BX) 151 
CRXE=CXE/(3.1 416•SPEEO*St•SZ)/EXP(HX) 152 
C CO"POTE EXTERNAL DOSE AND INTERNAL DOSE 153 
OOSBET=0.457•((BETAKR(I)•CRKR)+(BETlXE(I)*CRXE)) 154 
OOSGl8=0.25•((GlftlKB(I)•CBKB)+ (GlftlXE(I)*CBXE)) 155 
DOSEI=OOSBET+DOSGlft 156 
II=l- (I-7) 157 
OOSIN1=BA(NAGE)*CHII•DFA(II,1,NAGE)•1.0E9 158 
DOSIN2=BA (NAGE) •CHII*DFA (II, 2 , NAGE) •1.0E9 159 
C COflPUT E TOTAL DOSE FOR TOTAL BODY lNO THYROID 160 
OOSTB=OOST B+ DOS EI +DOS IN 1 16 1 
OOSTHY=DOSTHY+OOSIN2 162 
GOT0(32 ,42,52 ,200,199), KK 163 
C IF THE STACK VELOCITY IS LESS THAN 1.5 TI"ES TH! WINO SPEED, A 164 
C CORRECTION FOR OOWNilSH !OST BE !ADE TO THE STACK HEIGHT. 165 





C COflPO T! TB! PRESSUIB-DBPEIO!IT RU! OF OISCBUIGE THROUGH THE 171 
C STlCK DORING OVEIPIESSORE R!DOCTIOJ. 172 
XPRESS=PRESS•2.4908 173 
IF(PRESS.LB.1.5) GOTO 55 174 
SV=3. 24 175 
IF(SV.LE.SPO) H=24.6~ (3.66•SV/SPO) 176 
CK R= (XPB!SS-3 . 75) /13. 7•193. •QPKB/1. 42E4 177 
CII= (XPBESS-3 .75)/13.7•193.•QPII/1.42£7•0. 25 178 
CIE= (XPRESS-3. 75) /13. 7•193.•QPIB/1.42E4 179 
KK =2 180 
GOTO 41 181 
42 XPRESS= 3.75 182 
55 CKR=XPRESS/3.75•51.3/1.42E4•QPKB 183 
CII=XPRESS/J.75•51.3/1.42E7•QPII•0.25 184 
CXE=XPBESS/3.75•51.3/1.42E4•QPXE 185 
SV=(IPBESS/3.75•1.30) +1.94 186 
IF (SV.LE.SPO) H=24.69+ (J.66•SV/SPD) 187 
KK=3 188 
GO TO 41 189 
52 CKR=103. /1. 42E 4•QPKB 190 
CII=103./1.42E7•QPII•0.25 191 
CXE= 103./1. 42E4•QPXB 192 
104 
SV=1.07 
IP' (SV. LE. SPD) H=24. 69+ (3. 66•SV/SPD) 
KK=4 
GOTO 41 
C COftPUTE THE CONCENTRATION TI!IE INTEGRAL OP' ElCH NUCLIDE lT THE 
C DISTANCE OP INTEREST. 
2 00 SV=. 202 




7 2 LAKB=LAKR+1.67E-5 








C IP' THE TOTAL BODY DOSE RISES ABOVE 25 RE" 
C OR IP' THE THYROID DOSE RISES ABOVE 300 RE8, PRINT ASTEBISKS. 
C IF THE TOTAL BODY DOSE OR THYROID DOSE PALLS BELOW 1 "REii, 
C PROCEED TO THE NEXT DISTANCE INCREllENT. 
C I NCREftENT DOWNWIND DISTANCE EXPONENTIALLY. FOR EACH DOWNWIND 
C DISTANCE INCRE"ENT CROSSWIND DISTANCE EXPONENTIALLY. 
499 IF (DOSTHY.GT •• 001) GOTO 498 
DOSTllY=O. 
498 IF(DOSTHY.LE.300.) GOTO 497 
DOST HY= 123456. 
497 THYDOS (ID,IC) =DOSTHY 
IF(DOSTLGT •• 001) Garo 496 
DOSTB=O. 
496 IF (DOSTB. LE. 25.) GOTO 495 
DOSTB= 123456. 
49 5 TOTDOS(ID,IC)=DOSTB 
IF (IPLOT.EQ.1) GOTO 399 
ICMAX=MAXO(IC,IC"AX) 
CROSS=CROSS+EXP(0.1•IC+2.) 
YP=SQRT (5. 99•SY .. 2) 
IP(CROSS. GE.YP) GOTO 399 
500 CONTINUE 
399 D(ID -9 ,NCA S) = DIS 
IF (ND. EQ. 1) GOTO 122 
4 00 DIS= DIS +EXP(. 1 •ID+2.) 
122 GO TO (691,692 ,693,694) ,MAGE 
691 DLAB ( 3) =A 1 
DLAB(4)=B1 
GO TO 695 
6 92 DLAB (3) =A2 
DLAB(4)=B2 
GOTO 695 
693 DLAB(3) =A3 
DLlB (4) =B3 
GOTO 695 
6 94 DLAB {3) =A4 
DLAB (4) =B4 
695 IF (IPLOT. NE. 1) GOTO 123 
DO 700 N= l, 56 
TB(N,NCAS)=TOTDOS (N+9,10) 
700 TRY(N,NCAS)=THYDOS(M+9,10) 




































































701 DO 702 J .. 1, NCASES 25 7 
DLlB ( 5):U(J) 258 
NAGE=Jl GE (J) 259 
GO TO (791,792,793,794),NAGE 260 
791 DLAB( 3) = A1 26 1 
DLAB(4)=B1 262 
GOTO 795 263 
792 DL1B(3) =1 2 26 4 
DLAB (4 )zB2 265 
GOTO 79 5 266 
793 DL AB(3) = A3 267 
DUB (4) :BJ 268 
GOTO 795 269 
794 DLlB(3) =A4 270 
DLlB (4 ) =B4 271 
795 DO 703 I= 1, 56 272 
IF (D (I, J).LE.O.) GOTO 704 273 
XDOS (I) =l LOG (D (I,J)) 274 
704 IF (K. EQ. 2) GOT O 707 275 
IF (TB(I,J) .LE.0.) GOTO 703 276 
YDOS (I) -= ALOG (TB (I, J)) 277 
GOTO 10 3 27 8 
707 IF (THY(I,J) . LE.0.) GOTO 7 03 279 
703 YDOS(I) =lLOG (THY(I,J)) 280 
IF (J . LE. 1) GOTO 6 90 281 
ISYK:ISY!I+ 1 282 
l!ODE=-101 283 
CALL GB APRS ( 56 ,XDOS,YDOS,ISTK ,l!ODE , DLAB) 28 4 
GOTO 7 06 285 
6 90 110DE =- 1 01 286 
XSIZE=-7.0 287 
YS IZE=- 10 .0 288 
XSF=-3.0 289 
I11IN = 2 . 0 290 
YSF=-5. 0 291 
YKIN =- 3 . 0 292 
CAL L GRAPH ( 5 6,XDOS, TDOS,ISY11,!0DE,ISIZE , YSIZE,XSF ,X11IB,Y SF , 293 
1YlHN, 1 DOiNWillD DIST. (11) ; 1 ,YL1B,GL1B,DL1B) 294 
706 DO 705 I= 1, 56 295 
IDOS (I) =O. 296 
705 YDOS(I) 2 0 . 297 
702 COllTillU! 298 
IP (lt . EQ. 2) GOTO 131 299 
K=2 300 
I SYl1= 1 301 
YLAB ( 1) =BB 1 302 
YLA8(2)=8B2 303 
YLlB( 3)=BB3 304 
GO TO 7 0 1 305 
1 23 DO 7 J = 1, 3 , 2 306 
IF(J.EQ.1) GOTO 1 24 307 
YLA8(1) • 8B1 308 
YL18( 2) zBB2 309 
YL18(3) -=883 310 
124 XJz DLAB(3) 311 
IJJ•DL AB(4) 312 
WRITE (6 , 92 5) XJ,IJJ, (YLAB (I), I,. 1, 5) 313 
925 FORMAT ( 1 1',84( 1 • 1 ),/' •,•••,9I,714,T85,•••) 314 
128 IICz 10 3 1 5 
CROSS =O . 316 
IID=65 3 17 
IF(ND.BQ.1) IID=ID 318 
133 lHC=IIC+8 319 
DIS =2 15. 320 
10 6 
IF(!IIC. GE.6 5 ) NIC = 65 3 2 1 
DO 1 29 I D= 10 ,IID 322 
137 IF(DI S .NE. 2 15 .) GOTO 120 323 
DO 130 IC=IIC ,NIC 324 
ICROS(IC) = (CROSS+0._5) 325 
130 CBOSS=C RO SS+EIP (0. ,.IC+2.) 326 
IP (IIC .EQ.1 0 ) GOTO 135 327 
WRITE (6,21 5 ) 328 
135 WBITE(6,930) (ICROS(I),I= IIC,llIC) 329 
120 IF (ID. EQ. IID. AND. MD.EQ.1) DIS=S P!l!!D•TIIU!E 330 
132 IP(J. GT.1) GOTO 134 331 
WRIT E ( 6 , 9 31)DIS, (TOTDOS (ID,N) ,l!l=II C,NIC) 332 
GOTO 129 33 3 
134 WliITE(6, 9 31)DIS , (THYDO S (ID,111) ,N =IIC,lllIC) 33 4 
129 DIS= DI S +EXP (. 1•ID+ 2.) 3 3 5 
1 36 IIC= NIC+1 33 6 
IF(I Cl!AI.GE.IIC) GOTO 133 3 37 
930 POR!!AT(' ',84 ('*') ,/ 33 8 
3' '•'*',9X,9('1',7I),' *', / ' '•'*CROSSiIND',9('1',7X), 33 9 
1' *', / '•,••DISTANCE ',9('1', I 7),' •',/' '•'*(llETEBS) 1 ,9('1', 340 
27X),' *', / ' ','*',9X,9('1',7X),' *',/'+',11,8 2 (' _ '),/' •, 341 
2 '*0011NW I ND ',9('1',7X), 3 4 2 
1' • 1 , / ' '•'*DISTANCE ', 9 ('1', 71),' •',/' '•'*(!IET l!!R S) ',9('1', 3 4 3 
47X),' *', / ' + ',11,9('-'),/' '•'*', 9 X,9('1',7I),' *' ) 344 
93 1 FORIUT(' 1 ,•• 1 ,P8. 0 ,1X,9('1',P7. 3),' •• , 3 4 5 
7 CO RTIN UI!! 3 4 6 
7 99 YLAB(1 ) =AB1 3 47 
YLAB (2) =AB 2 3 4 8 
YLAB (3) =AB] 3 4 9 
100 CO NTINUE 35 0 
800 CONTINUI!! 35 1 
1 3 1 STOP 35 2 
END 353 
107 
APPENDIX B: ISOGEN 
Summary 
ISOGEN (12) <i22tope ggneration) is an extremely fast 
computer program for calculating radioisotope generation and 
decay with chains containing up to 50 members each. Accuracy 
is ordinarily within 0.1~ for each time step, although cumu-
lative errors for many time steps may be somewhat larger. 
Branching may occur by radioactive decay, neutron capture, or 
fission at any chain member. 
Much of the input is basic nuclear data in normal units. 
Output is expressed in atoms, grams, curies, beta mev/dis, 
and gamma mev/dis. Time, flux, and ratio of resonance to 
thermal neutrons is specified for up to 30 time steps. Decay 
chains are not given explicitly as input, but are generated 
by the program from basic nuclear data and initial parent 
nuclides. For the fission process, the identity of primary 
fission products of interest must be specified. 
General Equations 
A general solution to the differential equations of 
radioactive growth and decay was presented many years ago. 
These equations can be used easily to obtain the amount of a 
108 
daughter nuclide for short chains, especially when there are 
large d.i.ff erences in decay constants bet ween chain mem.bers . 
However, application of the classical equation is difficult 
or impossible when two or more of the nuclides being consid-
ered hav e almost equal or eq ual total decay constants. The 
probl e m is usually most acute when more than one of the 
nuclides being considered has a product of decay constant and 
time of less than 0.1. The classical eq uation will then 
yield the answer as a small difference between two large num-
bers. 
In the ISOGEN code , the integr ated equations were 
rearranged to f orms which yield accurate results more easily , 
and the form most easily applied to a particular set of data 
is us ed for t he calculation . The details of the equations 
are explained in reference 41 and will not be discussed here . 
Input Data 
Input data are divided into three groups; basic nuclear 
data, time step information , and other data. The first group 
consists of half- life, energy, cross section, fission yield , 
and daughter product data stored in 500 member arrays, with 
an index number for each nuclide . The second g roup specifies 
the time , neutron flux, and power level to be used for each 
of up to 30 time steps. The third group includes index num-
109 
bers and amounts of parents initially present at the begin-
ning of the first time step. 
Output Data 
The output of ISOGEN includes the atoms grams, curies, 
beta mev/dis, and gamma mev/dis of the nuclides of interest 
at th e specified times. 
